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Playing a 
Leading Part 
in Aviation 
Progress 


Endurance ... an out- 


standing quality in the 


airplanes of today...has been made 
possible to a large extent by im- 
portant advances in the production 


of alloy steels. ¢ Wherever lighter 


weight, greater strength and a 
greater resistance to impact and torsional strain is required you will find Agathon 
Alloy Steels specified in growing volume. @ They have built for themselves an 


enviable reputation . . and are meeting the unusual demands of a rapidly increasing 


group of industries. © Republic, with America’s greatest capacity for the production 
of alloy steels, maintains an extensive research laboratory and a staff of metal- 
lurgical engineers to work with manufacturers in the profitable application of new 


steels to new uses. A letter will arrange a meeting, with no obligation on your part. 


Central Alloy Division 
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Steels That Meet 
Most Exacting 


Engineering 


Modern engineering advances swiftly. Keen inventive brains are constantly at work im- 
proving and creating. Achievement succeeds achievement in Industry, Transportation 
and Agriculture...and still visions of future mechanical accomplishments stimulate 
inventors and engineers to greater and greater efforts. 


More is expected of machinery today than ever before—in output, in stamina, and the 
call of the designers and builders is constantly for better and better material. 


Timken Alloy Steel production has matured in the service of modern engineer- 
ing progress, keeping pace with demands that have grown more and more exact- 


ing with each succeeding year. 


Today Timken Alloy Steel Service is meeting every engineering require- 
ment, and at the same time anticipating future probabilities. 


Directed by a corps of scientifically-trained and thoroughly experienced 
metallurgists, life-time specialists in alloy steel production and applica- 
tion, it offers to engineers and manufacturers the solution of any and 
every problem in steel. 


And Timken steel-making methods are as exacting as the users’ de- 
mands... scientific, painstaking, thorough ... vigilantly supervised. 


When a manufacturer adopts Timken Steel he is assured of steel 
of exact suitability to purpose ...steel that is true to its prede- 
termined grade... steel that is dependably uniform... steel of 

the utmost fabricating economy... steel that will improve his 

product and safeguard his reputation—Timken Metallurgi- 
cally-specified Alloy Steel. The Timken Steel and Tube 

Company, Canton, Ohio. Detroit, Chicago, New York, 
Los Angeles, Boston. 
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used for 


fine Springs 


WY PRING enginecring and manufacturing is 

a highly specialized business, since springs 
are made in an infinite variety of sizes and 
forms, ranging from the tiny hair spring in a 
lady's wrist watch to a stiff coil under a locomo- 
tive journal or a combination of leaf springs 
supporting a 5-ton truck. It is only natural that 
verious firms should specialize certain 
branches of this field, for the manufacturing 
equipment used is almost as various as the size 
and shape of the finished product. 

A convenient classification of the industry 
may be made as follows: Leaf springs (for 
vehicles); Heavy helical springs (to work in 
compression); Upholstery springs; Fine springs 
made of wire or thin strip. Some = specialties 
may not fall clearly in one or another group of 
this rough outline, but nevertheless it) will in- 
clude most of them made today. 

It is also true that the steels going into the 
different types of springs are more or less char- 
icteristic. Leaf springs are commonly made of 
illoy steel bar. Heavy helical springs are coiled 
ot trom high carbon steel rod. Upholstery 
springs are usually of hard drawn carbon stecl 

ire, Often with a litthe higher manganese and 

con than usual. Light steel springs are made 
high carbon steel in the form of cold rolled 

» or drawn wire. 


or the latter classification alloy steels are 


seldom used, because very high physical prop- 


erties can be given to small diameter wire or 


thin strip by the proper combination of carbon 


content, cold work and heat treatment, and the 


result is apparently more reliable and uniform 
than can be readily achieved by the alloys now 
on the market. Certain exceptions to the above 
statement may be noted for springs working al 
moderate temperature, or in a corrosive atmos 
phere, or which must have definite clectrical 
characteristics. 

It is not commonly known that plain carbon 
steel in small sections can be given such an 
extraordinary combination of strength and 
toughness. In fact, the whole subject of spring 
engineering is mysterious to most engineers. 
This is understandable. They ordinarily design 
and build rigid structures and machine parts. 
A roller bearing, for instance, must resist ap- 
preciable deformation at) working loads; a 
spring, on the other 
hand, is designed to de- 
fect an exact amount 
under a given load. One 


is rigid, the other is 
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Much Hand Work is Done In Coiling 

Highest Grade Springs. After coiling, 

motor springs are held in a stiff wire 

“keeper” until mounted in the mechan- 
ism in which they will be used. 


pliable; both may be made of hardened alloy 
steel. It seems to be a paradox! 

That is not the only fact about springs that is 
little known. Old timers in the railroad indus- 
try remember the rubber blocks used for springs 
in the truck bolsters. Younger men of inquiring 
mind will find interesting reading in William 
Metcalf’s paper on “Springs and Spring Steels” 
presented before the American Society for Test- 
ing Materials in 1908, wherein he pungently re- 
counts how plausible salesmen and patentees 
exploited almost every conceivable shape of 
rod as the best steel section for making car 
springs. Almost a new generation was neces- 
sary before it was generally accepted as a 
proven fact that a round rod gives the best dis- 
position of metal to resist the torsional stresses 
of a compression spring in service. 

We can congratulate ourselves that spring 
enginecring has progressed to a point where the 
shapes of wire, bar or strip used will be selected 
so that the metal will be used to best advantage 
and the stresses distributed as uniformly as 
possible. 

For instance, helical compression or exten- 
sion springs are of round wire or rod, since the 


greatest stresses induced by the working loads 


~ 
~ 


are torsional in nature, and a round cross sec 


tion like a shaft is the best shape to resist tor- 
sion. Spiral or involute springs for the storage 
of power, such as clock and watch main springs 
and motor springs for driving phonographs or 
mechanical toys, are of thin strip, to absorb 
bending strains without damaging concentra- 
tions of stress. Elliptical or leaf springs for 
vehicle suspensions are bars, to work best as 
simple or cantilever beams. Torsional helixes 
for absorbing twists, like springs in door checks, 
or shock cushioners on shaft couplings and Ben- 
dix starters are rectangular — again to resist 
bending. 

The above facts, of course, are among the mos! 
elementary in spring engineering, vet are not! 
well enough known to the buyers ana users o! 
springs. Another fact that leads many con- 
sumers astray is that the leading characteristics 
of a steel spring depend entirely on its shape 
and dimensions, and cannot be modified |» 
tempering, alloying, or heat treatment. 

Stated in another way: Suppose a hundred 
different pieces of 0.135-in. steel wire, some lo 
carbon, some medium carbon, high carbon, lo. 
alloy, high alloy, each analysis heat treated |» 


several different ways, were coiled into a heli 
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of 1.2 in. outside diameter, 3.4 turns per inch 
| cut off exactly 6.6 in. long. Then if a 1-Ib. 
cht were placed on each of these springs, 
would shorten the same length, (0.05 in.) 
d cach would recover the original height when 
e load were taken away. The softest iron wire 
equivalent to the hardest steel in this respect, 
hen it is loaded to less than its elastic limit. 
A little reflection shows why this is so. The 
ompression of a helical spring under load is a 
reasure of its modulus of elasticity. Modulus 
of elasticity is the ratio of the stress by the strain 
(as books on mechanics define it). Worded in 
other ways, the meaning is this: Up to the elastic 
limit, the modulus of elasticity of any metal is 
a constant value; the proportion between the 
load on the test piece and its measured exten- 
sion is the same; the first part of the stress- 
strain curve plots as a straight line. If the above 
springs deflect 0.05 in. for 1 Ib., each will deflect 
exactly twice as far, or 0.10 in., when a 2-Ib. 
weight is carried, simply because the modulus 
of elasticity of steel is substantially independent 
of its carbon and alloy content, its hardness, its 
heat treatment, or its method of manufacture. 
The above statement should be made with cer- 
tain qualifications. The modulus of elasticity of 
stecl has an annoying way of coming out as a 
slightly different figure when consecutive tests 
are made, even with the greatest accuracy. It 
is not something we can be dogmatic about, like 
the statement that a cubic foot of pure water at 
standard temperature pressure’ weighs 
62.1283 Ib. at the sea level. The modulus of 
steel will figure to some value between 27,000,- 
00 and 29,000,000 for soft steels, ranging up to 
O.000,000° to 32,000,000 for hardest carbon and 
alloy steels. Designers generally use the figure 
as representing an average of the 
ird steels used in springs. 
Since the modulus is constant, the loading 
iracteristics of a steel spring depend entirely 
its dimensions, and cannot be modified by 
ipering or heat treatment. If the above spring 
re too stiff for the purpose intended, the only 
to increase the flexibility would be to de- 
ise the diameter of the wire, to increase the 
ber of coils per inch, or to increase the 
eter of the coil, or by some appropriate 
isional combination. If, by some freak in 


lesign, none of the dimensions could be 
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changed, a too-stiff steel spring would have to 
be constructed of some other alloy. These would 
give more flexible springs, since flexibility 
would vary as the modulus of elasticity for the 


various materials, as follows: 


30,000,000 
Monel metal (Ni 70, Cu 30) ... 26,000,000 
German silver (Cu 55, Zn 27, 

Spring brass (Cu 72, Zn 28) ... 14,500,000 


Phosphor bronze (Cu 92, Sn &) 14,000,000 


If, then, the load characteristics of a spring 
are independent of its temper, why are all 
springs made of hard steel? Simply because the 
metal in a spring at working loads is carrying 
high stresses, and these stresses must not pass 
the elastic limit, else the spring will acquire a 
permanent set and fail to return to its original 
shape if unloaded, or fail to deliver the proper 
“push” when compressed. <A coil of softest iron 
wire will act as a true spring under very mild 
loads; a similar spring of high carbon wire will 
rebound under loads 11 times as heavy the 
elastic limit of the one is 30,000 Ib. per sq. in., 
of the other may be as high as 330,000. But it 
is quite possible to give either variety of spring 
a permanent set by overloading; under further 


overloads they may break. 


Spring Material All Cold Worked 


Obviously, then, the way to economize on ma- 
terial is to put into a spring the strongest steel 
available. Here is where the advice of an ex- 
pert spring-maker is desirable, for there is a 
balance between the rising cost of very fine 
spring steel and the rising weight of the coarser 
varieties of steel. It would be silly to make up- 
holstery springs, for instance, of steel suitable 
for airplane engine valves. 

Passing without comment the alloys used in 
vehicle and heavy coiled springs, the high 
strength, high carbon steels used for fine springs 
in the Wallace Barnes plant, Bristol, Conn., vary 
widely in methods of manufacture. Dimensions 
of the stock material — diameter of wire, width 
and thickness of the strip will vary as well. 
Consequently the warehouse serving the spring 
making department is a succession of aisles such 
as shown on the top of the following page. 


The first general classification, namely, strip 
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and thin bars, is cold rolled to correct size with 


many intermediate process anneals, and then 


heat treated to high strength and hardness either 


before forming or after forming into a spring, 
depending upon the sharpness of the required 
bends in the finished piece, or the amount of 
stamping or cutting which is necessary in fabri- 
cation. Sometimes, as in the manufacture of 
phonograph springs, the quenched and drawn 
strip is cut to length and the very end softened 
enough for a sharp bend. Then the spring is 
wound by hand, as shown on page $f, and a 
“keeper” slipped over it until assembled in the 
intended device. 

Wire, the second general classification of ma- 
terial, is all cold) drawn, either by soft 
process (drawn from annealed rod) or by the 
hard process (drawn from patented rod). Any 
desired ductility suitable for sharp bends during 
forming can be secured in such wire by proper 
tempering, either in process or after the final 
draft. Springs made of annealed wire must be 
heat treated after forming, but this is to be 
avoided in springs made of small diameter wire, 
on account of the liability of roughening the sur- 
face by furnace scale, and the fact that it is im- 
possible to heat treat small parts to the same 
degree of uniformity that it is possible to give 
to a wire by drawing it endwise through long 
lead baths. 


Considering now the tempers or carbon con- 


OO 


tents of the various grades of cold rolled strip 
quenched and tempered before coiling, we find 
that the highest carbons (1.15 to 1.25 per cent) 
are used for watch springs, because they can be 
heat treated to an elastic limit of 330,000) 1h 
per sq. in., and thus pack the highest energy in 
the smallest space. Clock springs, where thy 
space limitations are not so stringent, usually 
have 0.90 to 1.05 per cent carbon. Motor springs 
for phonographs and mechanical toys are thy 
next grade down 0.80 to O.90 per cent carbon. 
Shock absorbers and trolley rope rewinders are 
ordinarily made of much huskier sections and 
are not stressed so highly in service; neverthe- 
less they must be carefully made of steel strip 
containing 0.90 to 1.05 per cent carbon to avoid 
breakage in service. Much might be said about 
the relationship between elastic limit, maximum 
working stress and expected life, but that would 
form the subject of another article. Suflice i 
to say that a spring maker could easily make a 
main spring for a watch which would not break 
in 100 vears, if the watch users would not insis! 
on buying the smallest and the thinnest models 
on the market. 

As remarked above, annealed strip is used 
where sharp bends are necessary. For instance, 
an infinite variety of springs to hold the carbon 
brushes against electric generator or motor 
armatures are made of thicker strip or flattened 
wire of 0.90 to 1.05 carbon steel. These ar 
manufactured to close specifications as to siz: 
and loading characteristics. Ordinarily thes 
are coiled with a leather thong between cac!) 
turn, so that the spacing is exact. After quence! 
ing, tempering and cleaning they are given 1!) 
per cent inspection under the specified load, os 


shown on the last page of this article. 


Lower carbon annealed strip (0.70 to O80 | 
cent carbon) is pre-eminently a flat spring ni 


terial, for making such things as clips and snais 
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hold down covers, spring washers, and 
ings for door hardware and padlocks. It 
i} cut, bend and form easily on high speed 
esses, and after manufacture would be 
venched and drawn to an elastic limit of about 


100,000 Ib. per sq. in. 


Cold Drawn Wire Makes Tiny Springs 


Wire is also utilized in more than one carbon 
for making springs. 

Music wire is the highest grade. It is ordi- 
narily electric steel with carbon O80 to 0.90, 
patented and cold drawn. Its strength depends 


on the amount of reduction between the last 
process anneal and the final size; ordinarily the 
Wire in. 
approximately 


wire 3BOO000, 


smallest wires are strongest. 


diameter has an ultimate of 
100,000 Ib. per sq. in.; 0.062. in. 
Such wire does not have an easily determined 
elastic limit; it is assumed to be about 60° per 
cent of the ultimate tensile strength. Recent 
investigations by L. S. Moisseiff on bridge wire 
0.192 in. diameter (high carbon steel, patented 
and cold drawn to a minimum of 215,000 Ib. per 
sq. in. tensile strength), showed that its propor- 
tional limit and the load at which first set occurs 
are practically identical at 103,000 Ib. per sq. in., 
which is about 47 per cent of the ultimate. 
For the reason that small permanent sets will 
occur if the spring is overloaded, music wire 
springs will change in length slightly if worked 
at unduly high stresses, but the wire is so ex- 
ceedingly tough that they seldom if ever break. 
the material is also highly uniform, and the 
good properties are inherent to the method of 
fabrication. Consequently, music wire will be 
the preferred material for helical springs of 
sinall size, say O.10 in. wire diameter down to 


1.005 In. which require toughness, or mavxi- 


mum uniformity. 


Mlustrations In This Article Were Ob- 
fained Through the Courtesy of Wallace 
Barnes Co,., Bristol, Conn, In this plant, 
specializing in the manufacture of fine 
small springs, may be observed the prac- 
fices described in this article. While 
some springs, like those for Bendia 
Sfarters, are made in such quantity that 
fully automatic machinery can be used, 
most of the tlems produced by Wallace 
Barnes are of a size and variety which 
require an unusually high percentage of 
craftsmen’s labor, both in the manufac 
lure and inspection, 


Inexpensive helical springs of moderate 
strength, made of somewhat larger wire (say 
0.06 in. diameter and larger) would use “hard 
drawn spring wire,” a patented and cold drawn 
material containing 0.50 to 0.60 per cent carbon, 
and manganese up to 1 per cent added to in- 
crease the strength and chemical uniformity. 
While cold drawn wire is tough enough to 
curl into a pigtail, it cannot take a square bend. 
For springs requiring such drastic forming, or 
for springs requiring wire of diameters, say 
0.25 in. and larger, an annealed wire would be 
used, which would be quenched and tempered 
after forming. Two analyses are commonly 
used; so-called “annealed high carbon wire” 
chemistry to 


approximately corresponds in 


wire” 
The first 


makes scale springs and the other classes of 


music wire, and “oil tempered corre- 


sponds to hard drawn spring wire. 
high grade wire springs, especially in) coarse 
sizes, and the latter analysis is used for the gen- 
Heat 


treated wire has a much higher clastic limit for 


eral run of spiral springs, not too small. 


a viven ultimate strength than hard drawn wire; 
consequently, a spring which must recover its 


shape exactly even after heavy load, like a scale 


would be made of heat treated wire. 


spring, 
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How a Discovery has 


been Commercialized 


IPRIDING on a practical and commercial 

basis may be said to have its beginning 
in the year 1928. Dr. Fry of the Krupp works, 
Essen, Germany, in that vear obtained patents 
both on the nitriding process and on some spe- 
cial nitriding steels. Certainly these discover- 
ies Will be classed among the marked achieve- 
ments of this mechanical age. 

Previous to Dr. Fry’s work but little was 
known regarding the behavior of nitrogen 
toward iron; nevertheless earlier work must 
have been very helpful. Therefore, a brief ac- 
count of it will not be amiss. 

In 1888 Tolander printed a paper in Slahl und 
Eisen on the injurious effect of nitrogen on the 
physical properties of iron. In the same pub- 
lication in 1906, Braune gave the first detailed 
and scientific work on these effects, saving 
“Complete neglect of the presence of nitrogen 
in metal probably will not continue long.” 

Efforts were made to prepare iron-nitrogen 
allovs by introducing nitrogen or ammonia gas 
into molten iron. Strauss (1911) and Sawyer 
(1923) attempted this at low and ordinary pres- 
sures and Andrews (1912) investigated the 
method at 200 atmospheres pressure. Their ef- 
forts, however, were unsuccessful, as may be 
found by consulting their publications in Sfahl 
und Eisen, Transactions of the American Insti- 
tute of Mining Engineers and the Journal of the 
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British Iron and Steel Institute, respectively 

Nitrogen was readily introduced into. solid 
iron by diffusion. The usual method was to 
heat finely divided iron at 1100 to 1300 deg. 
Fahr. in a stream of ammonia. A content of 
11.1 per cent nitrogen, corresponding to. thy 
formula Fe.N, is thus obtained. Other compo- 
sitions of iron nitride were reported; Wurtz 
dictionary gives the formule Fe,N., Fe,N, and 
Fe.N.. Whether these were mixtures of on 
or more nitrides with excess iron had not 
been established. 

It was known that either iron or nitrogen 
must be in the nascent state to combine. Lron 
submitted at red heat to ammonia becomes bril 
tle and white and may increase in weight 13 pe! 
cent. Reduced to a powder, the iron nitrid 
burns brilliantly. When heated to a high tem- 
perature, either in air, nitrogen or ammonia, i! 
gradually loses its nitrogen; heated in hydrogen, 
it gives metallic iron and ammonia. 

Such fragmentary knowledge must have led 
Dr. Fry to study the iron-nitrogen system firs! 
Later he investigated the effects of combining 
nitrogen at various temperatures with man) 
metallic elements. He found that aluminum, 
vanadium, chromium, 
molybdenum, manganese, By 


titanium and tungsten ~ 
Robert Sergeson 
readily combined with 
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rogen when exposed to action of ammonia 

s at certain temperatures. 

\luminum appeared to have the greatest af- 

‘ity for nitrogen, and the nitride is very sta- 
Je, no decomposition taking place up to 1800 
leo. Fahr. Dr. Fry then produced steels con- 
aining these various elements separately and 
n combinations and subjected them to the ac- 
tion of ammonia gas at relatively low temper- 


atures with the results now so well known. 


Early Commercial Handicaps 


While a number of alloy combinations must 
have showed promise, Dr. Fry selected for his 
lirst commercial nitriding steels the aluminum- 
chromium steels with various carbons. This 
series was tried in Europe successfully; in 1926 


they were first described in the United States at 


irficles of Extreme Size, Both Large and Small, 
Vow Nitrided in Commercial Practice. Contrast 
the small intricate parts for a movielone camera, 
as Shown below, to the massive locomotive parts 
pictured at the right. Two piston rods are on 
the floor, and resting on the forging dies for a 
small connec ting rod are three cross-head guides. 
These are very difficult to carburize and harden 
in the old manner without sagging, warping, or 
bulging the machined bearing surfaces. 


~ 


© convention of the American Society for 
vtecl Treating, but the process made little prog- 
Sin this country before 1929 for the follow- 
reasons: 
the steels were high in price and made in 
ll lots in the electrie furnace. 


Chromium and aluminum content) was 
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relatively high, both ranging from 1.3 to LS& per 
cent, which meant increased difficulty in manu- 
facturing, processing, and machining. 

3. Nickel steels proved unsuccessful, owing 
to the temper brittleness caused by the long 
heating at the nitriding temperature. Molyb- 
denum was then substituted for nickel and 
found to add toughness and give freedom from 
temper brittleness. This information was not 
available to the trade until 1929. 

1. Temperatures for heat treating were not 
well known, and the brittleness of a nitrided 
decarburized surface was litthe understood, 

>. It was necessary to build one’s own fur- 
nace, since there were no companies selling 
complete nitriding equipment. 

6. Nitriding containers were sealed by an as- 


bestos gasket and no mechanical means for cir- 


culating the gas was provided. Considerable 


trouble, especially with larger containers, 
was encountered keeping gas-tight 
joint. The container was made of carbon 
steel or chromium-nickel-iron alloy (18-8) 
and these were not entirely satisfactory. 
Whether circulation of the ammonia was 
required for uniform results was questionable. 
7. Applications of  nitrided parts under 
various types of service were still under test. 
From the early part of 1929 to the present 
writing, nitriding has had a steady and very 


healthy growth. The reasons for this are sum 


marized in the following paragraphs. 
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mesh), in a layer 3 in. deep, has proven to be a suc 


cessful seal in experimental furnaces. Plain carbo: 
and stainless iron containers with their inside sur 
faces enameled are showing excellent results. Cir 
culation of the ammonia has proven to be desirabl 
for obtaining uniform temperature surfac: 
results. 

The effects of temperature are better understood 


The higher the nitriding temperature is, the lowe: 


Upper Diagram Gives th 


Relation Between Hardness 


RY 
8 600+ 
It was learned late in 1928 S - 
that the chromium and alu- 3 
minum could be lowered to © 600; 
OS to 1.5 and 0.6 to 1.2 per % 
cent respectively without any s 
appreciable hardness loss. 
Molvbdenum of 0.15 to 0.25 re 
= 500 + 


per cent satisfactory. 
This lower alloy content 

aided in’ the manufacture 

and handling of the steel. 

It was also proven that 
these steels could be made in the open-hearth 
furnace under routine production conditions 
which necessarily lowered the cost and market 
price. A nitriding analysis containing 1 to 1!. 
per cent aluminum and !. to 1 per cent molyb- 
denum also entered the market at this time, 
thus further increasing the interest in commer- 
cial applications of nitriding. 

Proper temperatures for heat treating to a 
more uniform product were investigated. — It 
became known that a quenched and drawn steel 
produced a hard tough case, while a normalized, 
annealed or as-rolled steel gave a_ relatively 
britthe case. 

At this time many furnace builders designed 
nitriding equipment, and such is now available 
from various sources. Also many plants have 
been equipped for commercial nitriding. 

Many improvements have been made in the 
containers. The asbestos seal is now seldom 
used, being replaced with low melting alloys, 
such as the tin-lead eutectic, lead, or Rose metal, 


or by oil. Finely divided chrome ore (150 


40) Stee 
Carburized Voubke Quenc! 
and Drawn at 300% 


and Depth of two Commer 
‘ial Steels After Nitriding 
Heat Treated and Nitrided 
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Chromium Stee Showing that) Chromium 

| Steel Retains All Its Surface 

| on Hardness Even After Heat 
ing to 1000 deq. Fahr, 


Hardness at Elevated Tem 
peratures is Shown tn the 
Lower Curve. Nitrided stee 
is still hard even when op 
erating at 400 deq. €. 
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the hardness and the deeper the penetration. I! 
a soft case is obtained at 1050 to 1200 deg. Fahr.. 
it cannot be hardened by a subsequent nitriding 
at a lower temperature. Brittleness of the cas 
may be greatly reduced without material loss i) 
hardness by subjecting the nitrided parts to 
temperatures of 1175 to 1200 deg. Fahr. for « 
short time under iron filings or charcoal. 

The duplex method of nitriding for the re- 


quired number of hours at the low temperatu 
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3) to 975 deg. Fahr.), followed by raising the 


mperature to 1175 for one to four hours has 
ven excellent surface hardness (1000 Vickers 
‘rinell) with no brittleness. Care, however, 
nust be taken to support sections properly, lest 
they warp at the higher temperature. 

Finally, many applications have been tested 
and approved. 

Why is the nitrided surface surely forcing its 
way into our industrial market, in valves, ma- 
chine parts, automobiles, airplanes, locomotives 
and gas engines? Perhaps the best answer 
to this is to review the properties of this 
nitrided case. 

Hardness undoubtedly is 
its chief feature. Higher 
surface hardness can be ob- 
tained by nitriding than by 
any other known means of 
case hardening or heat 
treating. illustration 
showing the comparison in 
vradation hardness of the 
nitrided case and the case 
hardened surface is shown 
in the first diagram on the 
opposite page. second 
feature of the nitrided case 
is that it may be heated to 
025 deg. Fahr. without loss 
in hardness which, of 
course, is impossible with 
case hardened parts. 

The effect of reheating on 
the surface hardness of 
nitrided and case hardened 
parts is clearly shown in 
the middle diagram. These 
hardness values were ob- 
tained after the part had 
been cooled to room temperature. A_ surface 
with such properties is valuable for forging or 
upsetting dies that must not “wash” or wear. 

A third property is that of retaining a high 
hardness at elevated temperatures. Fig. 3 shows 

alues taken from Herbert's work published in 
Vechanical Engineering, June, 1930, in) which 
ve “hot hardness” of the nitrided case is com- 
red with that of 1.25 per cent carbon steel. 

is interesting to note that the hot hardness 


rve for nitralloy is appreciably higher at 100 
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than when cold, while the high carbon steel 
loses its hardness rapidly after reaching 500 deg. 
Fahr. These “hot hardness” values show why 
the nitrided cylinders and valve seats which 
operate at slightly elevated temperatures are 
giving such excellent results. 

A fourth highly important property is that of 
the ability of the nitrided case to resist corrosion 
of atmosphere, crude oils, alkalis, tap water, 
gasoline and salt spray. This feature is very 
desirable for machinery which otherwise would 
be slushed with oil. 


A fifth feature is that, when properly pre- 


pared, small and intricate parts as well as large 
heavy parts, may be hardened free from distor- 
tion. Small intricate parts used in the movie- 
tone camera may contrasted with the 
locomotive cross-head guides and pistons. Large 
rolls 12 in. diameter by 10 ft. long have been 
nitrided and held to 0.001 in. straightness. De- 
tails of the process for the largest work were 
described by J. H. Higgins at the recent Chicago 
Convention, American Society for Steel Treating. 


The furnace illustrated above is used by him. 
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Reproduction of Water Color 
by BE. D. McDonald, Done at 
the Central Furnace Plant of 
the American Steel and Wire 

Co., Cleveland 


In the Blast Furnace Yard 
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F ALL the engineering materials, consid- 
ering its wide use, cast iron is the least 
snown. The progress made in the field of grey 
ron castings within recent vears has not been 
alled to the attention of the engineer and the 
iyman with sufficient emphasis. And there has 
eh great progress recently in the industry. 
liecently, was had to refer to a 
ominent handbook used by 
sineers and surprisingly 


ugh the information given 
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Progress 
Grey lron 


Castings 


in those pages about cast iron was taken from 
a source published in 1893!) Certainly the en- 
gineer would not be satisfied with information 
on steel which dated back to so remote a period. 
The castings produced thirty or forty vears ago, 
despite “the good old times,” would be consid- 
ered quite inferior to the castings of today. 
We all know something of the various grades 

of carbon and alloy steels and 


the effect of heat treatment on 


By Hyman Bornstein 


various properties of these 
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materials. But how many of us know that cast 
irons are made with varying carbon content, 
that allovs are added for specific purposes, and 
that many castings are subjected to heat treat- 
ment? Steels have been well classified and have 
become known according to composition, but 
such a classification has not vet been accom- 
plished for cast iron. 

In the judgment of too many of us, cast iron 
is just “cast iron,” a material low in price and 
short on physical properties. We forget that 
in many services, cast iron is the best material 
that can be used for the purpose, regardless of 
price. 

There are foundries making grey iron cast- 
ings where the methods emploved in respect to 
melting, molding, pouring and cleaning are 
slipshod. While the product obtained is sold 
as cast iron, it is certainly not up to the stand- 
ard of the industry. Quite frequently, the poor 
opinion the engineer has about grey iron cast- 
ings is based on a product from such a source. 

In recent vears, more and more grey iron 
foundries have been put under technical con- 
trol and the scope of such control has grown 
so that today a dependable product of desired 
physical properties can be obtained. The foun- 
dryvman, the foundry engineer, and the metal- 
lurgist have collaborated to improve the quality 


of grey iron castings. 


Carbon Control Most Important 


The most important element in cast iron is car- 
bon. The effect of the other elements is largely 
the effect which they have on the carbon. 

In cast iron, it should be well known that the 
carbon exists in two forms; combined carbon 
(chemically combined with the iron) and graph- 
itic or free carbon. The total and the relative 
amounts of these two determine to a large ex- 
tent the physical properties of the casting. The 
more combined carbon, the harder the iron; the 


more free carbon or graphite, the softer the iron. 


This View, At 75 Diameters, 

Shows the Way Coarse Graph- 

ite Flakes Subdivide the Metal 

and Produce a Soft, Weak, 
Gray Cast Tron. 


Elements such as silicon tend to throw. the 
carbon to the free form or graphite, while other 
elements such as sulphur and chromium tend 
to increase the amount of carbon in the com- 
bined form. Hence, certain elements are known 
to the foundryman as softeners while others 
are known as hardeners. 

The term “total carbon” is also frequently 
used in connection with cast iron. It is the sum 
of the free and combined carbon. As a general 
rule, the lower the total carbon, the higher the 
strength of the iron. 

Recent developments in cast iron have been 
towards the production of the so-called “high- 
strength” cast irons. A number of practices 
have been used, but usually the important thing 
is to obtain a cast iron containing low total car- 
bon. It has been possible to secure cast iron 
which will run uniformly 50,000 Ib. per sq. in. 
tensile strength (or even better) by producing 
a cast iron having a total carbon content rang- 
ing from 2.75 to 3 per cent. Soft irons will run 
approximately 3.5 per cent carbon or higher, 
while irons used for automotive evlinders which 
are melted with about one-fifth steel in- the 
cupola charge, will range in the neighborhood 
of 3.25 per cent total carbon. 

But carbon is not the only influence. The 
strength of an iron is also dependent upon the 
composition in other elements, the melting prac- 
tice, and the cooling rate in the mold. Feeding 
of the iron into the casting is also an import- 
ant point, determining its soundness, and_ to 
this extent, affecting the strength of the finished 
part. 

Frequently, test bars are used as an indication 
of the strength of the casting. Unless the cool- 
ing rate of the test bar is similar to the cooling 
rate of the casting, the strength of the iron in 
the test bar may be quite different than the 
strength of the iron in the casting. Further 
more, the casting may contain fairly high in 
ternal stresses, while the test bar would not 
It should be remembered that the strength of a 
casting is the difference between the ultimat 
strength of the material and = the interna! 
stresses. Also, it is usually easier to obtain 
sound test bar than it is a sound casting. Con 
sequently, the strength of the test bar may no 
be a proper guide unless a definite compariso! 


has been set up between test bar and casting. 
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1 Nickel - Chromium 

Cast Iron, Unetched, Alt 

100 Magnifications,. Note 

how much smaller and 

better distributed is the 
free carbon. 


The design of a casting is extremely impor- 
tant. It may be such that it is well-nigh impos- 
sible to secure a sound casting. Consequently 
the designer should work with the foundryman 
to the end that a sound casting may be produced 
economically. One of the most important steps 
in the foundry industry has been a realization 
on the part of the designer that such co-opera- 
lion is necessary to obtain the best results. 

There have been three outstanding develop- 
ments in grey iron castings in recent vears: 

(1) High strength cast iron, 

(2) Alloy cast iron, 

(3) Heat treatment of grey iron castings. 

High strength cast iron can be secured in a 
number of ways. One process which is in con- 
siderable use in Europe but has not been used 
very much in this country is the “Perlit™ proc- 
ess. In this process, a low. silicon iron’ is 
poured into a heated mold. An iron with such 


a chemical composition would have a white 


mdition of Free Car- 
High Strength 
ron. Tensile Strength 
\hout 50,000 Ib. per sq. 

Unetched. Magnifi- 
tion 100 Diameters. 
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After Etching, the Same 
fron, Containing 0.66 
Nickel and 0.2% Chro- 
minum, Shows Pearlitic 
Structure When Ewxvam- 
ined at 250 Diameters. 


fracture if poured into a mold under ordinary 
conditions, but heated molds retard the cooling 
so that a grey fracture is obtained, with a 
higher strength than ordinary cast iron. 

Another process for producing a high strength 
iron is to use a higher percentage of steel in the 
mix going into the cupola. Mixes consisting al- 
most entirely of steel scrap have been melted 
with the result that a low total carbon content 
has been obtained and a resulting strong iron, 
Irons ranging in strength above 60,000 Ib. per 
sq. in. have been manufactured by this method. 
Sometimes nickel has been added, principally 
to increase the machinability of the castings. 

A third method of securing high strength iron 
is by the duplex process. In this the iron is 
melted in the cupola and then refined in the 
electric furnace. The superheat of the electric 
are and a close control of the carbon content re- 
sults in a strong metal. 

A method which has been developed in this 


Same High Strength 
Iron, Etched With 1 
per cent Nital, and Magq- 
nified 100 Diameters. 
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country, consists of the addition of calcium sili- 
cide to the molten iron. The resultant metal is 
known as “Meehanite.” High physical proper- 
ties have been claimed for this material. 

With the development of irons ranging in 
tensile strength from 40,000 to 60,000 Ib. per sq. 
in., the grey iron industry is ready to recover 
lost ground and to move forward. These high 
strength irons form an intermediate product be- 
tween the ordinary cast irons and malleable and 
steel castings. 

The use of steel scrap for producing high 
strength cast iron has been very popular in this 
country. For making automobile cylinders, as 
much as 20 to 25 per cent in the cupola has been 
the general practice. This gives a strong and 
dense material. Its tensile strength will probably 
range from 30,000 to 40,000 Ib. per sq. in. 

Furthermore, the addition of alloying ele- 
ments such as nickel and chromium has become 
quite popular. Chromium is frequently added 
to increase the hardness of the metal while a 
combination of nickel and chromium will fre- 
quently increase both hardness and_= strength 
Nickel 


alone is often added to increase the strength or 


without reducing the machinability. 
to obtain machinability. When an increase in 
strength is desired, the 
nickel may be substituted 
for some of the silicon with 
advantage. 

A continually increasing 


quantity of grey” iron 


Transmission Cases For Tractor, Made of 
Grey Iron, Each Weighing 600 Lb. These 
cases are made by production methods, 
with molding machines and sand slinger This field offers promise 
moving down the aisle, and with molds 
handled by overhead cranes and set upon 
the floor just cleaned of sand heaps. 


In the automo- 


castings is being heat treated. 
tive industry, particularly, such heat treatment 
is largely for the purpose of increasing the ma- 
chinability of the product. Three types of heat 
treatment may be employed: 

(1) Heating at a temperature not exceeding 
1000 deg. Fahr., which will have very little ef- 
fect upon the strength, hardness or machinabil- 
itv, but will prevent subsequent warpage of the 
casting by removing the internal stresses. 

(2) Heating at 1000 to 1500 deg. Fahr., which 
will remove internal stresses and make the iron 
softer and more machinable. 

(3) Heating at 1350 to 1600 deg. Fahr., fol- 
lowed by a quench which will increase the hard- 
ness to a considerable extent and give grain re- 
finement. Sometimes such a treatment is fol- 
lowed by a draw. 

A heat treatment such as No. 1 is used largely 
for automobile pistons. For such parts, it is 
necessary to prevent warpage. 

A heat treatment such as No. 2 is largely used 
to increase the machinability of automotive cast- 
ings. It must be realized that while the machin- 
ability is increased, frequently the strength is 
decreased. In some cases, there is too much of a 
tendency to sacrifice strength for machinability. 

The quantity of castings 
subjected to a heat treat- 
ment such as No. 3 is small. 


and it is probable that addi- 


tional work will be done. 
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OST text book writers seem, in general, 

to have ignored the possibility of in- 
creasing the useful properties of low carbon 
steel by heat treatment, dismissing the matter 
by saving that rolled steels containing less than 
0.30 per cent carbon cannot appreciably be af- 
fected. 


carbon steels may be hardened on quenching 


Some have recorded the fact that low 


from certain temperatures, but little attempt 
seems to have been made to use the idea com- 
mercially, with the exception of the data re- 
corded by one author who will be quoted later. 

Bradley Stoughton says in his book, “The 
Metallurgy of Iron and Steel,” third edition, 
page 405: 

“Although iron free from carbon is hardened 
by rapid cooling from above the point Ac, (1650 
deg. Fahr.) yet this degree of hardness is so 
slight as to be perceptible only by means of 
laboratory tests. With 0.10 per cent carbon, the 
hardness begins to be perceptible by crude tests, 
but itis only when we get to above 0.75 per cent 
carbon that ordinary steel acquires suflicient 
hardness for the process to be used commer- 
‘ially — for example, for springs, saws, etc.” 

Stoughton also gives the table shown in the 
opposite column. It will be shown later that 
he steels used in these deter- 
iinations must have been of the 


non-regenerating” type, and 
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By Welton J. Crook 


teel 


Conditions Necessary 
for Success 


were insufliciently deoxidized or else low in 
manganese content. Under proper hardening 
conditions with properly made steels, very much 


greater quench hardness may be obtained. 
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A. P. Mills, in his “Materials of Construction,” 
second edition, section 5, page 96, states: 

“Water quenching at 1500 deg. Fahr. increases 
the strength of low carbon and medium carbon 
steels greatly; the ductility is reduced cnor- 
mously for the low and medium carbon steels, 
and is practically zero for high carbon steels. 

“Reheating to 1025 deg. Fahr. after such water 
quenching largely nullifies the gain in strength 
of low and medium carbon steels.” 

Many experiments conducted in the writer's 
laboratory have given results at variance with 
these statements. 

In an article printed in Transactions, Amer- 
ican Society for Steel Treating in May, 1925, Rh. 
Hl. Smith records tensile strengths as high as 
160,000 Ib. per sq. in. obtained 
in commercial production from 


0.09 per cent carbon steel in the 
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form of rivets and bolts. Quenching conditions 

were distinctive —a very high velocity of the 

cooling medium. The present writer has ob- 

tained a tensile strength of 182,200 Ib. per sq. in. 

in quenched plain carbon cast steel containing 

0.23 per cent carbon and 0.63 manganese, using 
5 ordinary quenching methods. 

LD. K. Bullens seems to be one of the few 

writers who has recognized the possibilities 

? which lie in the heat treatment of low carbon 


steels for improving their physical properties. 


Microstructure of 1020 Steel, Capable of 
Regeneration, Magnification diameters. 
Brinell 150. 


In this connection he states, in his book “Steel 
and Its Heat Treatment,” third edition, page 188: 
“The very low carbon steels find but little 


without undue increase in the velocity or pres- 
sure of the cooling medium. Under these condi- 
tions the normal treatment would be a quench- 
ing from 1700 to 1525 deg. Fahr., according to 
the carbon content and mass-surface factors, 
with or without reheating, the reheating being 
omitted when conditions (of strain caused by 
quenching) will permit. Such a treatment will 
refine the grain and remove any strains set up 
by previous working; will confer added tough- 
ness; and will put the steel in the best condition 
for many machining operations.” 

He obtained the results shown in the table at 
the bottom of this page when pulling heat 
treated “,-in. test bars of acid steel, having 
0.10 per cent carbon, 0.32 manganese and 0.02 
silicon. Continuing the discussion of 0.15 to 
0.20 carbon steels, Bullens states: 

“Heat treatment of the lower carbons of this 
range confers but litthe additional strength ex- 
cept in thin sections normally quenched, or 
with small pieces quenched under high cool- 


ing rates. 
The Question of Proper Quenching Heat 


“Hardening should be carried out froma 
temperature exceeding the end point of the 
upper critical range which is about 1570 deg. 
Fahr. for the 0.15 per cent carbon and about 
1510 deg. Fahr. for the 0.25 per cent carbon 

in order to effect the full absorption and dif- 
fusion of the excess ferrite. Some engineers 
recommend quenching at 1650 deg. Fahr. or 
even higher, but the author believes that such 
temperatures are not only detrimental, on ac- 
count of a greater tendency to warping, oxida- 
tion, and higher cost of treatment, but also are 


unnecessary metallurgically. 


application to general heat treatment purposes “With hardening temperatures higher than 

| when the cooling rate from the upper critical 1550 deg. Fahr. for 0.20 per cent carbon, there is 

range is normal; that is, when the steel is simply practically no increase in the physical proper- 

! immersed in the water or oil quenching bath ties worthy of mention, and, moreover, the 
Condition Ultimate flastic Elongation | keduction | 
erence Strength Limit in Bin of Area | 

As rolled 5/, 600 J5, 500 65. 3 
Annealed 48, 600 3/, 700 67.5 | 
Vater quenched, 1575°F. 64.720 45, 500 22.8 6/.) | 
Same, then drawn, 1300 °F. 55, 000 36, 500 66.0 | 
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ructure then begins to coarsen very rapidly. 


“With carbons greater than 0.20 per cent and 
irticularly if the section is small, or the man- 
‘anese content is more than 0.6 per cent, the 
ecessity of reheating or toughening after 
juenching becomes apparent.” 

lt is quite evident that Bullens recognized the 
possibilities of heat treatment, but ample ex- 
perimental evidence exists to show that a 
quench temperature of between 1600 and 1650 
deg. Fahr. should be used. Such experiments 
show that not all low carbon steels will react 
to the treatment. The ability to do so is prob- 
ably dependent on the presence of at least 0.5 
per cent manganese and a more or less com- 
plete state of deoxidation. Crook obtained a 
patent, No. 1,592,181, based on these findings. 


Conditions Necessary for Hardening 
Examination of many quenched specimens 
shows that where hardening does not take place, 
either the ferrite did not go into complete solid 
solution or if it did, the solid solution (marten- 
site) was not preserved. In the first condition, 
the unabsorbed ferrite is generally associated 
with or surrounding non-metallic inclusions. 
There is some reason to suspect that these 
primary ferrite areas, formed during solidifica- 
tion of the ingot, contain little or no manganese. 

In the second case — where the quenching was 
unable to preserve the martensitic structure 
the steel as a whole is found to contain less than 
0.5 per cent manganese, and is probably more 
or less oxidized. Such conditions will be found 
after attempting to harden mild Bessemer steel. 

Low carbon steels which heat treat satisfac- 
lorily must be of the completely “regenerating” 
tvpe. The mechanism of ferrite absorption in 
such a steel proceeds as follows: 

As the steel is heated, litthe change takes place 
until a temperature slightly under the trans- 
formation point is reached (about 1300 deg. 
Fahr.). If such a specimen is quenched in cold 
water and examined microscopically, it will be 
‘ound that the pearlite laminae are not as dis- 

net as they were in the original steel. The 

‘cel has slightly hardened, and the grain size 

ccreased about five per cent. From a_ theo- 
tical point of view, no such changes should 


cur below the Ac, point; however, the condi- 
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tions described have been observed by the 
present author many times. 

Proceed with a series of water quenches from 
increasing temperatures, with subsequent micro- 
scopic study. In a “regenerating” steel quenched 
from just over the Ar, point (say 1350 deg. 
Fahr.), the original ferrite areas remain sub- 
stantially unchanged. The solid solution, aus- 
tenite, will not be preserved by quenching, but 
in its place martensite will be retained in the 
original pearlite areas. These martensite areas 
are very hard, and are similar to the martensite 
of quenched steel having 0.90 per cent carbon. 


Measuring the hardness of the apparently un- 


Steel Shown Opposite, Completely Regenerated 
After Water Quenching From 1600 deq. Fahr. 
Magnification 1000 diameters. Brinell 600, 


changed ferrite grains by means of a micro- 
character, shows that they also have materially 
increased in hardness in the ratio of about 217 
micro hardness for the as-rolled to 300 micro 
hardness for steel quenched from a tempera- 
ture of 1350 deg. Fahr. 

As the quench temperature is raised higher 
and higher above the Ac, point, the martensitic 
areas become increasingly larger, gradually ab- 
When the Ac, point is 


reached, the last of the ferrite has disappeared 


sorbing the ferrite. 


and the quenched specimen consists entirely of 


| 
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making furnace. 
screw stock. 
treatment on account of excessive oxidation. 


will rarely harden. 
critical amount, such as 0.5 per cent of manganese, 


Besseme! 


Steel No. 3 was a 


Bessemer steel seldom reacts to heat 


Steel No. 1 is a good regenerating steel, and its 


microstructures before and after quenching are 


shown on pages 48 and 49. 


Many experiments have shown that low carbon 


steels containing less than 0.5 per cent manganes« 


A possibility exists that no 


is necessary for regeneration, but that steels con- 


taining less than this amount are generally poorly 


deoxidized. This point is difficult of proof. 
700 T 
Bessemer Screw Stock at 1000 600 - 
Diameters. After water quenching 0 
from 1600 deg. Fahr,. the original 
pearlite areas in this non regener- 0 
ating steel are occupied by mar- re 
lensite, but the ferrite is not 
absorbed. Brinell 170. 
3500 
5200) 
Steels 1 and 2 Have About Same 100 
Analysis (0.28 Carbon, 0.59 Man- 
ganese) but No, 2 Cannot Be Im- 4 
proved Much By Heat Treatment; Original 1300 400 [500 [600 {700 


Low Carbon Bessemer 


Screw Stock. 


Steel 3 is 


low carbon martensite. This martensite, in well 
deoxidized steels, exhibits a surprising degree 
of hardness, often exceeding 600 Brinell. 

The formation of low carbon martensite with 
the attendant absorption of free ferrite may 
readily be followed by measuring the hardness 
of the specimens after quenching. If a low car- 
bon steel reaches a Brinell hardness of over 500 
when quenched from just above its Ac, point, 
it is said to “regenerate” and to be suitable for 
heat treating. 

The curves on this page were obtained from 
three steels having the analyses noted in the 
accompanying tabulation. It is obvious that 
little can be learned from the chemical analysis 
of a steel in regard to its ability to react to 
heat treatment. 

Steel No. 2 contained definite and persistent 
ferrite ghost lines which could not be absorbed 
on heating. Its failure to regenerate was prob- 
ably caused by poor deoxidation in the steel 


Quench Temperature deg. 


It has been observed that electric steels, which 
as a Class are better deoxidized than those made 
by the open-hearth process, will regenerate with 
a somewhat lower manganese content. In this 
connection it is found that if a piece of Armeo 
iron is carburized so as to produce a wholly 
pearlitic case, no amount of heating will cause 
the martensite retained on quenching to migrate 
This represents a steel with 
On the 


or absorb ferrite. 
out manganese and highly oxidized. 
other hand, low carbon open-hearth stcel, which 
has been thoroughly killed with silicon in the 
furnace, has been found to be uniformly suit 


able for heat treatment. 


No. / No. 2 No. 3 
Carbon O23 O24 0 06 
Manganese 0.60 0.58 0.49 | 
Phosphorus 0 04 003 0.04 | 
Sulphur 0.07 0.05 0/2 | 
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Test Results As kolled | Heat Treated 
Ultimate strength 62,200 62, 680 
| Yield point 40,200 65,500 
| Flongation in Gin. JI 20.5 
Reduction of area 60 60 
| Bend lest Flat col/ Fiat cold 


Although low carbon steel may be treated so 
as to assume a very high degree of hardness, 
such steel is not suitable for edged tools. A 
chisel made of 0.20 carbon steel and hardened 
to 600 Brinell did not dull, but turned its edge. 
The chisel bent more than 30 deg. before break- 
ing. This property of hardness, coupled with 
ductility, is unique but apparently of little prac- 
tical value. 

Fully hardened low carbon steels have but 
little practical application unless the structure 
and properties are modified by reheating or 
drawing. ‘The steel must first assume a com- 
pletely martensitic structure on quenching from 
proper temperature. Over-heating results in a 
very rapid grain growth with corresponding loss 
of hardness. When the properly quenched steel 
is again heated to various temperatures, a 
large range of physical properties can be 
obtained so that the material may be ap- 
plied particularly for structural purposes 
where higher elastic limits, together with a 
high degree of ductility and malleability, 
are required. If an elongation of 20° per 
cent in &8-in. gage is the minimum require- 
ment, it is believed that heat treated low 
carbon steel will give higher properties 
than any of the ordinary heat treated 
alloy steels. 

From a large mass of data which has 
been obtained by the writer, one example 
will suflice to illustrate the properties 
Which may be obtained. Optimum results 
will not be given, but simply those which 
be expected) from ordinary well 
made steel. 

lhe analysis of the steel showed carbon 

lf per cent and manganese O58. It was 

rolled) basic open-hearth, and was 

tled and tested in the form of 2 by ‘.- 

Nats about 30 in. long. The treatment 

isisted in water quenching from 1600 


! drawing at 1000 deg. Fahr. for 30 min. 
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The properties obtained are listed in the table 
at the left. 

Structural steel specifications usually call for 
a minimum elongation of 20 per cent in 8 in, 
Yield point rarely exceeds 40,000 Ib. per sq. in. 
but by special rolling methods, a vield point as 
high as 45,000 Ib. per sq. in. may be obtained. 
bv proper heat treatment these figures may be 
greatly exceeded. 

Last vear, Lieut. P. F. Lee and Lieut. H. A. 
Schade, United States Navy, were detailed 
under the writer's direction to make a study of 
the possibilities of heat treated low carbon steel 
for ship construction. These officers made a 
long and careful study, using many specimens 
obtained from Navy Yard stock and from a local 
steel producing company. The results of a part 
of their tests were reported in an article which 
was published in The Iron Age for Feb. 13, 1930, 

They reached the following conclusions as a 
result of their experiments: 

(a) Steels containing less than 0.20 per cent 
carbon, at least 0.60 per cent manganese, and 
completely deoxidized, will have their tensile 
strengths definitely improved after they have 


been given suitable heat treatments. 


‘ 


(b) The increase in tensile strength is accom- 
panied by a decrease in ductility. The per- 
centage increase in tensile strength, however, is 
greater than the percentage decrease in duc- 
tility, as measured by per cent clongation. 

(c) The regeneration test is a rapid and ac- 
curate method of determining the suitability of 
a steel for the proposed heat treatment. A re- 
generation hardness of at least $50 Brinell is 
considered necessary before any great improve- 
ment in the steel can be expected from the heat 
treatment. 

(d) Results can be duplicated with reason- 
able exactness. 

(ec) The elastic ratio of the steel is increased 
by the proposed heat improvement. While high 
ultimate strength is of great importance, a high 
elastic limit is of nearly equal importance. 
Stresses beyond the elastic limit will produce 
permanent deformation or partial failure of a 
structure, a result which in certain cases might 
be equally disastrous as complete failure. 

(f) Welding on this steel after heat treatment 
must be done with great caution. If the welding 
can be performed before heat treatment, no in- 


jury to the steel will result therefrom. 


(yg) The heat treatment recommended de- 
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pends primarily on the physical properties de- 
sired in the finished product. For most uses 
where a steel of high strength coupled with good 
ductility is desired, a draw temperature of 1100 
deg. Fahr. is recommended. This should pro- 
duce a steel having a tensile strength of about 
0,000 Ib. per sq. in., an elastic limit of about 
70,000 Ib. per sq. in.; and an elongation of about 
30 per cent in 2 in. Such a steel compares very 
favorably with various low alloy steels. In 
those structures where ductility is of lesser im- 
portance, a lower draw temperature should be 
used. This would result in an increase in the 
tensile strength and elastic limit. Draw tem- 
peratures lower than 900 deg. Fahr. are not 
recommended due to the great brittleness of 
the steel when so treated. Draw temperatures 
higher than 1300 deg. Fahr. add so little to the 
tensile strength of the original material that 
their use is not considered justified. 

The regeneration test mentioned by Lee and 
Schade is carried out as follows for a 0.15 to 
0.20-per cent carbon steel: A test specimen, not 
exceeding a one-inch square, and generally 
about three inches long, is heated at 1600 deg. 
Fahr. for about 30 min. and then quenched in 
cold water. After removing the scale and pro- 
ducing a smooth surface 
on a grinder, the speci- 
men is tested for hard- 
ness by either a Brinell 
or Rockwell machine. 
The writer believes that 
a minimum Brinell 
hardness of 500° or a 
Rockwell of C 514 should 
be obtained from a stee! 
which will give the 
highest physical prop 
erties after heat treat 
ment. It is possible. 
however, that for ordi- 
nary structural pur 
poses a steel giving 350) 
Brinell will suffice when 


properly treated. 


Much Heat Treated Stru 

tural Steel Is Used In tl 

Arch Bridge Across Sidne 
Harbor, in Australia. 
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save 


one fifth 
the weight 


By A.M. Robinson 


NLY A FEW YEARS less than a century 
after the reduction of alumina to metal 
in the scientific laboratory, and approximately 
a half century after the first introduction of alu- 
minum to the public, we find aluminum alloys 
emploved to a considerable extent in the art of 
electric car building. Development of this im- 
portant metal has all occurred within a com- 
paratively few vears; in fact, it was only 125 
vears ago that the first attempts were made to 
separate alumina, the oxide, from its sources, 
Whereas today we find a variety of aluminum 
illovs emploved in constructing electric cars for 
the most exacting service of furnishing mass 
ransportation to the American public. 
Because of its light weight aluminum has long 
ven regarded as a possibility, and one most de- 
rable, for structural purposes, particularly in 
insportation vehicles. The problem, however, 


volves more than the production of alloys 
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capable of standing up in service, since the cost 
of the metal is a limitation which must not be 
forgotten. 

Prior to 1926 the use of aluminum by car 
builders was confined to panels on car sides and 
such other members as are subject) only to 
nominal stresses. Wherever strength to with- 
stand impact was an essential, producers of the 
metal had vet to furnish suitable materials. 
The American Car & Foundry Co., a firm closely 
identified with the manufacture of steam rail- 
road equipment, used aluminum for interior 
finish, moldings, window panels, and various 
fittings as early as 1904 in a lot of 300 motor 
cars and trailers built for the New York sub- 
way. I believe this was the first application of 
this light weight metal to public transportation 
equipment. 

Phen in the following vear J. G. Brill Co. 


used aluminum for the headlining or ceilings of 
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1D full-convertible cars for the Manila Electric 
Railroad & Light Co., Philippine Islands, and 
also for air pipes, hand rails and fittings in 200 
semi-convertible cars) for the Chicago City 
Railroad Co. 

Continued use of aluminum by car builders 
was, of course, greatly restricted on account of 
its comparatively high cost, and it is significant 
that for a period of 18 vears following these first 
applications, oniy the conventional materials 
were used for these various purposes. Between 
1923 and 1926 a number of builders again used 
aluminum ino a more or less limited way for 
roots, inside finish, conduit fittings, junction 
boxes and other small parts. 

In the meantime the Aluminum Co. of Amer- 
ica was putting forth strenuous efforts to de- 
velop high strength light allovs and methods of 
manufacturing them in sizes and shapes large 
enough for structural fabricators. As a result 
of this effort, the first all-aluminum street car 
made in America was exhibited at the 1926 con- 
vention of the American Electric Railway As- 
sociation in Cleveland. It was built according 
to the standard design of the Cleveland Rail- 
way Co., and mounted on aluminum trucks de- 
While no 


attempt was made to adapt the design of this 


signed and built by J. G. Brill Co. 


ear for the use of aluminum (the original 
drawings for the company’s standard steel car 
being used) the remarkably low weight of 30.- 
300 Ib. was attained, which was 12,900 Ib. less 


than a twin car built of steel. 


Rolling Mill for Aluminum Shapes 


~ 


Following the Cleveland sample car, a num- 
ber of other sample cars were built for Pitts- 
burgh, Springfield, Mass., Joliet, IIL, and St. 
Louis. The one for Pittsburgh was all alu- 
minum except wheels, axles, springs and elec- 
trical parts. 

There are, of course, some parts of electric 
cars such as wheels, motors, floors and glass for 
which aluminum cannot be used. But it is fig- 
ured that wherever aluminum is used and the 
part designed to provide strength equal to that 
of steel, the material weighs only about half of 
that replaced. 

During the past few vears the electric rail- 
ways have been contending with other types of 
public transportation, such private auto- 
mobiles, taxi cabs and motor buses. This sharp 
competition has not only demanded economical 
operation on the part of the entire traction sys- 
tem but also increased efliciency in the indi- 
vidual car. By the substitution of light weight 
allovs of aluminum for heavier metals, princi- 
pally steel, the following advantages become 
apparent: 

(1) Lower power consumption. This is prob- 
ably the most outstanding economy, and over 
a period of years offers a worth-while saving. 
A prominent railway engineer tells us that he 
can spend $1.25 for capital investment for every 
pound he can save in the weight of his rolling 
stock. 

(2) Quicker acceleration, braking and _ free 
running speed. The lighter load placed upon 
the motive equipment results 
in quicker service and faster 
schedules for the public. 

(3) Reduction in brake 
Naturally the 


lighter the equipment the 


shoe wear. 


less effort is required to 
make stops, so that it is logi- 
cal that brake shoes should 
have longer life. 

(1) Satisfactory perform 
ance of smaller motors and 
other parts. 

(5) Better all around per 
formance. 


(6) Decreased wear on 


tracks. 


(7) Reduction of noise 
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with lighter weight, particularly in’ the 
parts unsprung. The noise at crossings is 
considerably less. 

(8) Last but not least, with less dead 
weight in the equipment to move, the pay 
load should be correspondingly increased. 

Another important consideration is the 
fact that the proper aluminum alloys are 
non-corrosive and, therefore, capable of 
withstanding severe atmospheric and serv- 
ice conditions to better advantage. Conse- 
quently, this means lower maintenance. It 
has been found that in painted aluminum 
bodies the paint adheres longer, does not 
peel as on other surfaces, and that a sav- 
ing of from S75 to S100 per car per vear 


should be expected from this alone. 


In Lyne 
b ar Va., 
Where Hill 
Climbing 
Lbility Is 
Needed, Cars 
with 
num Super- 
structures Are 
in’ Operation, 


Attention is also directed to the fact 
that aluminum serap resulting from 
damaged parts can be sold at from 10 
to 60 per cent of its first cost, so that 
although the original cost is’ higher 
there is a reduction in replacement 
parts due to the high scrap value of 


the metal. 


Parts Frequently Made of 


Aluminum 


It has been found practical to use alu- 
minum alloys for many parts on both 
car bodies and trucks, and, of course, 
the saving in weight of the finished car 


depends entirely upon the extent to 
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which aluminum alloys are substituted for steel. 

Underframe: Side sills, center sills, crossings, 
cover plates, platform knees, buffer parts, 
bolsters, floor beams, trap doors, anti-climbers 
and body center plates. 

Superstructure: Side posts, door posts, vesti- 
bule posts, door headers, carlines, roof sheets, 
letterboards, side sheets, doors, headlining, ad- 
vertising racks, bulkheads, inside finish, win- 
dow sills, window post capping, stanchions, con- 
duit, junction boxes, brake levers and door 
operating mechanism. 

Accessory Parts: Air brake equipment, trol- 
ley poles, seat pedestals and frames. 

Trucks: Side” frames, transoms, bolsters, 
brake levers, journal boxes and center plates. 

Several grades of aluminum alloy are avail- 
able for use in the above parts of electric rail- 
way equipment. 

For underframe and the framing members of 
the superstructure, requiring strength, both 
17-ST and 25-ST are available. These sections 
have a tensile strength of 55,000 to 63,000 Ib. per 
sq. in. a vield point from 30,000 to 10,000) Tb. 
per sq. in. and elongation in 2 in. from 25 to 
IS per cent. 

For interior finish, seat frames and trolley 
poles, the 51-ST grade is recommended. ‘This 
wrought allov has a tensile strength of 15,000 
to 50,000 Ib. per sq. in., a vield point from 30,000 
to 10,000 Ib. per sq. in., and elongation ranging 
from 18 to 10 per cent. 

For such parts as do not require the greater 
strength of the other alloys the 3-S grade is of- 
fered in the half-hard condition, having a ten- 
sile strength of 20,000 to 25,000 Ib. per sq. in. a 
vield) point from 15,000) to 20,000) Ib. per sq. 
in., and elongation of approximately 20) per 
cent in 2 in, 

For castings requiring both strength and 
duct'lity, such as trolley bases, harps, fender 


parts and draw bar anchorages, the 195 alloy is 


recommended. This alloy has a tensile strengt] 


varving with the heat treatment from 28,000 t 
00,000 Ib. per sq. in., a vield point between 13, 
000 and 29,000 Ib. per sq. in., and elongation i 
2 in. inversely as the strength, from 12 per cen 
to 2 per cent. 

Up to the present time the cars which might! 
be called all-aluminum have been limited to 
sample units. The present trend is to use only 
a part of the light alloys. This can be attrib 
uted entirely to the desire on the part of the 
operating companies to balance the initial cos! 
of their equipment against the saving in weigh! 
effected by the use of aluminum alloys. In the 
20 double-end city cars shown on page 55 seating 
11 passengers and measuring 39 ft. 10 in. over 
the vestibules, built in 1929 for operation in 
Lynchburg, Va., the entire superstructure of the 
body was aluminum, while the underframe was 
made of steel. The complete car, equipped with 
four $5-hp. motors, weighed $4,720 Ib., a saving 


of 1,700 Ib. per car. 


A Half-Ton Easily Saved 


Then in other equipment, like the 32 cars built 
for Wilmington, Del. (one of which is shown 
on the last page of this article) aluminum was 
used only for sheathing, including sides, letter 
boards, dashers, inside finish and on the seats. 
These cars measure 41 ft. 1's in. over the vesti- 
bules, seat Hf passengers and weigh 386,580 Ib. 
A saving of 900 Ib. per car was made by the use 
of light alloy instead of steel. 

In other cases where aluminum is only used 
for outside sheathing and letterboard in a car 
ID ft. long, a saving of 700 Ib. per car is accom- 
plished. 

In order to give some idea of the possibilities 
in weight reduction which might be accom- 
plished by the substitution of alun.inum for 


steel in both car body and trucks, a set of com- 


Method of Construction 50 Passenger (ar for Gty Service | 39 Lessenger /igh Speed (ar 
Total | Weight per \Percentage\| Jota! | Weight per | Percentage 
Weight /assenger\ of Saving| Weight | Passenger | of Savin 
Stee! body and steel trucks 34,645 693 Ib 375701 | | 
Aluminum body and stee/ trucks LE. 879 Ib.\ 577 Ib 16.7 32055 621 Ib 
Aluminum body and aluminum trucks £6875 537 Ib L£E.4 KQ055 770 lb £0.0 
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ative figures is given in the tabulation on the 
ttom of the preceding page. The double-end 
sht-wheel city car mentioned in the first col- 
ons of the table would measure 43 ft. 3 in. 
ver vestibules, seat 50 passengers and would be 
juipped with four 35-hp. motors. The high- 
speed car described in the right hand section 
i the table is a single-end car measuring 45 ft. 
long and is equipped with four 50-hp. motors. 

It may be stated in conclusion that the man- 
ner in Which aluminum alloys will continue to 
be used in car construction rests entirely with 
the purchasing companies. Economies due to 
light weight, and improvement in service due 
to resultant increased efliciency, may justify the 
higher initial cost. Knowing the facts, as they 


are developed by a record of running expenses 


Thirty-Two Cars of This Type 

Were Made Recently By J. G. 

Brill Co. for Wilmington, Del. 

Strong aluminum alloys were 

used for sheathing, side plates, 

letlterboards, dashers tn- 
side finish. 
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and maintenance costs, not only of rolling stock 
but of track, the operating companies can de- 
termine to what extent they desire to replace 
steel with aluminum alloy. 

That this movement is actually under way 
may be inferred from the fact that the Youngs- 
town Municipal Railway of Youngstown, Ohio, 
recently purchased 13 double-end double-truck 
cars, 38 ft. 10 in. long over vestibules, each seat- 
ing 15 passengers. These cars are furnished 
with modern deep spring leather upholstered 
seats and propelled by four 35-hp motors, vel 
they weigh only 28.800 Ib. each. In these cars 
various members of the body and vestibule 
frame were of aluminum, as were the hand 
poles, stanchions and a number of other mis- 


cellaneous parts. 
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Pyinciples of 


Cold 


— the Limitations 


YVOLD HEADING is the common term for 

cold upsetting and, in a limited field, it 

duplicates the results of hot upsetting without 
any application of heat. 

The common materials used in this process 
are generally plain or alloy steels of low or 
medium carbon content (that is to say, steels 
containing O15 per cent carbon or less), copper, 
many of the copper alloys including the com- 
mercial copper-nickel alloys, and aluminum and 
its modern alloys. Even high carbon or alloy 
tool steel may be handled if the work is done 
with care. In short, any metal or alloy now on 
the market in rolled or drawn condition may be 
cold upset to a degree varying directly as its 
ductility and to the extent that the strains set up 
by cold work are within the ultimate compres- 
sive strength of the material. 

As a process of manufacturing, cold upsetting 
is typical of the trend of modern progress in 
that it utilizes the raw material to the maximum 
extent, and reduces to a minimum the amount 
of scrap produced as a necessary by-product. 
Starting with wire of suitable size, and with 
tools properly used, it is practicable to hold 
important dimensions within very close limits 
thus eliminating subsequent machining opera- 
tions. 

The size (hat is, the diameter) of the raw 
material used and the amount of metal dis- 
placed or moved are factors on which definite 
limits are now placed. The former is limited 


by the size and cost of machinery heavy enough 


) NS 


to work stock of large diam- 
eter. The latter factor is 
limited, as intimated above, 
by the ductility of the metal 
and also by the ability of the 
machines to control and direct 
the movement of it. Un 
doubtedly heading machines 
could) be built) powerful 
enough to cold upset) stock 
considerably larger diam- 
cler than is upset today, but 
competitive products from 
other lines, such as the auto 
matic serew machine and 
drop hammer, set a cost limit 

that cannot be 


ignored. 


By 
Hillman 
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fhe amount of metal that can be moved, and 

the same time controlled in its movement, 

as a certain relationship to the diameter of the 
or rod being used. It varies from the 
smallest amount up to a length equal to eight or 
even ten times the diameter. The further the 
metal is to be moved the harder it is to control, 
so instead of trying to do it all at a single blow, 
the most diflicult work is done in machines 
striking two, three, or four blows, each blow 
doing a definite amount of upsetting and guid- 
ing so that the final blow completes the shape 
desired. 

It is obvious that since no heat is applied in 
the forming, there will be no change in the 
microstructure of the unmoved metal. Of 
course, more or less distortion is apparent in 
the upset section. The distortion is in direct 
proportion to the amount of strain (change in 
shape of the metal) and is not necessarily uni- 
form throughout the upset. 

Strain distribution and, con- 

sequently, the granular defor- on 
mation are dependent on 
several variables of which the 
most influential are: shape of 
upset, design of tools, use of 
the tools, ductility of the metal 
and grain size of the raw mate- 
rial. These are all subject to 
accurate control and that con- 
trol must be exercised con- 
stantly in order to produce a 
cold-headed product of quality. 

Design of the upsetting die and punches and 
their use are very important factors toward suc- 
cess, and are controlled by the knowledge and 
experience of the manufacturer. Experience 
has also taught him that the best raw material 
(that is, the wire) assures him the most uniform 
finished product with the least number of re- 
jections and the lowest die cost. Consequently, 
the incoming wire is closely inspected for sur- 
face defects as well as internal structure; it is 


hecked chemically and physically. Traces of 


pipe coming through from the ingot, and in- 
ternal defects caused by improper wire drawing 
practice are sufficient cause for rejection. 

Physical properties of the metal which has 
been upset are changed from those of the 
original wire only by the cold work done dur- 
ing the cold heading. Where no work is per- 
formed, no change takes place, but where work 
is done on the part (such as upsetting, roll 
threading, or extruding) there is a proportional 
increase of tensile strength and elastic limit with 
a decrease in percentage of elongation and re- 
duction of area. Obviously it is the cold header’s 
aim to distribute and place the increased prop- 
erties in such a way as to improve the finished 
product or at the worst to make their effect 
upon the product of no con- 
sequence, His ability to do this 
lm ona production basis is the dif- 
ference between success and 
failure, although he may resort 
to heat treating to relieve the 
internal strains entirely. 

Besides the removal of 
strains from cold work, heat 
treating is also used to develop 
the maximum physical prop- 
erties of the steel, duralumin, 
or such other alloy which may 
be used and which responds to 
heat treatment. With modern furnaces and 
pyrometric control any physical specifications 
that may be fullfilled by the raw material can be 
met accurately on a production basis. Care must 
be exercised constantly to keep the seale and 
decarburization at a minimum. Heat treating 
is the last operation that a part receives before 
packing for shipment and when properly han- 
dled will give a lustrous finish. 

The accompanying illustrations, either at 
natural size or slightly enlarged, show a few 
odd shapes in the smaller sizes which are cold 
upset. These show that the position of the upset 
is not limited to the ends of the piece, but may 
come any place between them. The shapes are 
shown in duplicate — illustrating the raw header 


blank and the trimmed and threaded product. 
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| luence of 


Furnace 


Atmocpheores 


on Correct Heat Treatment 


GREAT DEAL of applied research 
has been completed which has had 
as its prime object the control of the 
physical properties of specific alloys. 
Chemical analysis, together with the use 
of the microscope, has been used by the 
metallurgist to check his heat treating 
operations, with the result that he is able 
to predict the usefulness of his product 
under unusual conditions of service. 
Indeed, the progress which the metal- 
lurgist has made during the past several 
vears in the development of special al- 
lovs for specific purposes has been stu- 
pendous. It is safe to assume that he 
has available all necessary data’ and 
processing methods which he must use 
to secure predetermined results, but his 
available information as to how he can 
produce these results with the furnace or 
furnaces at his command is meomplete 
To understand fully the changes which 
can and do take place in steel in the 
various heat treating operations neces 
sitates a knowledge of physical, col 
loidal and general chemistry. Intricat: 
as are some of the problems presented t 
the man who would transform a purely 
theoretical or laboratory experiment int: 
the production of uniform metal parts i! 


quantity, it does not follow that a solu 
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By 
EL. W. Esslinger 


tion cannot be found. In facet, 
most of the troubles in securing 
uniformly heat treated articles 
have come from the cirecum- 
stance that few furnace de- 
signers or users realize that 
temperature control is not the 
only variable which influences 
profoundly the final results. 


Of course, the need for controlled heat is es- 


sentially the same, regardless of the major 


operations practiced. On the other hand, meth- 
ods of heat application and control vary with 
the specific nature of the process and must 
therefore be analyzed before any definite ree- 
ommendation can be made. 

The prime requisite for all heat treating oper- 
ations is a properly constructed furnace. The 
size and design of this furnace depend upon 
the pieces to be treated and the temperatures 
required. properly constructed furnace is 
one Which easily attains the necessary tempera- 
ture and maintains that heat uniformly in all 
parts, with an atmosphere which does not de- 
leriorate the furnace and yet has the desired 
effect upon the pieces treated. Sometimes the 
desired effect is to transfer carbon into the sur- 
face of the metal. More often the atmosphere 
wished for is neutral to the metal in all respects. 

No source of heat — that is to say, pure heal 


disassociated from the products of combustion 
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has any virtue over another source. Essenti- 
ally, the matter to decide is: “Which source of 
heat is the most convenient and economical?” 
Gas, oil and electricity are the sources now 
favored, because each may be easily manipu- 
lated to produce desirable temperatures and 
furnace atmospheres. Consequently, choice of 
the fuel in most instances depends solely upon 
the ultimate cost of unit production. 

In a good fuel fired furnace, proper atmos- 
phere and regulated temperatures are secured 
by a rigid control of combustion of a common 
fuel. The most common fuels used in metal- 
lurgical furnaces are coal, coke, oil and gas. 


The main constituents of these fuels are essen- 


tially carbon and hydrogen. To generate heat 
by a flame it is necessary to convert the solid 
and liquid fuels into combustible gases. From 


this view point, the problems of combustion sim- 


plifvy themselves into the problems connected 
with the burning of gas. aes 
Gaseous fuels require an accurate control of i 
ol 
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the quantity of air to be supplied for complete 
combustion and the control of the air is also a 
function of the chemical and = physical char- 
acteristics of the combustible gaseous fuels. 
Because of the complex changes which take 
place in gasifying solid fuels, and because of 
the variable composition of the combustible 
gases produced, solid fuels cannot be used in 
furnaces which must be accurately controlled 
in respect to both temperatures and their at- 
mospheres. 

Liquid fuels must be gasified or atomized 
and mixed with air before combustion takes 
place. Combustion of liquid fuels may be con- 
trolled sufliciently well for many of the every- 
day heat treating operations, and while fuel oil 
furnishes a dependable source of heat, it does 
not lend itself easily to the accurate control of 
furnace atmospheres. 

It follows, then, that natural and artificial 
gas, due to the constancy of their composition, 
are for the most part the only fuels that permit 
accurate regulation, both as to temperature and 
atmosphere. 

The products of combustion of all types of 
fuel are essentially carbon dioxide, carbon mon- 
oxide, free oxygen, water vapor and nitrogen. 
In certain instances unburned gases are also a 
part of the flue gas. The percentage of cach 
constituent in the flue gas may vary greatly, de- 
pending upon the conditions existing in the fire 
box, and the effects of these constituents in the 
flue gases upon the surface of steel being heated 


vary greatly and are more pronounced = the 
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higher the temperature existing in the furnace. 


Some of these effects, which are not generally 
understood, may be stated briefly. 

In furnaces at temperatures between 1600 and 
1800 deg. Fahr., free oxygen causes less scale 
than carbon dioxide. A mixture of carbon di- 
oxide and carbon monoxide produces the great- 
est amount of scale. As a decarburizing agent 
free oxygen is less active than carbon dioxide. 
Scaling can occur when charcoal is present with 
the metal, for carbon dioxide at elevated tem- 
peratures in contact with carbon produces car- 
bon monoxide, which, with carbon dioxide, 
produces a pronounced scaling of the metal 
surfaces, as mentioned above. Water vapor, 
which is always present in the flue gases gen- 
erated during the combustion of all types of 
fuels, is, under certain conditions, a powerful 
scaler. 

The ideal atmosphere for annealing, nor- 
malizing, drawing, box carburization and pre- 
heating in furnaces of the semi-muffle type or 
in furnaces where the combustion takes place 
in contact with the work, is a neutral atmos- 
phere, or one which contains a trace of free 
oxygen. This condition is one which is difficult 
to guarantee at all times. Therefore, to mini- 
mize the harmful effects of flue gas on exposed 
surfaces it is necessary to establish positive 
circulation in the furnace. The area of the flues 
should also be so arranged that a back pressure 
is constantly maintained which will not allow 
the infiltration of any excessive air into the 


furnace interior. 
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is possible to improve the operating ef- 
eney of a fuel fired furnace by using a large 
nber of small burners rather than by using 
iy a few. The burners should be staggered 
either side of the furnace, and in small muf- 
and semi-muffle furnaces the burners should 
re below the hearth. In certain larger fur- 
aces the burners may be staggered and placed 
tthe top of the furnace near the crown of the 
uch. In even larger furnaces of the car type, 
some burners should be placed so as to fire 
under the hearth and others over the work. 
lo control combustion, it is essential to select 
burners which will produce and maintain defin- 
ite proportioning of the gaseous fuel and the air 
over long periods of time. The ideal combus- 
tion mixture, as far as atmosphere is concerned, 
is very nearly the theoretical ratio of gas to air 
for perfect combustion. It may be remarked in 
passing that air and gas burners with two con- 
trolled valves can not secure controlled furnace 
atmospheres in the sense used above. 
A test was recently conducted on a large car- 


ivpe furnace, which at the time was used for 


carburization and equipped with two-valve 
burners. After the volatile constituents of the 
carburizing materials were driven off, analyses 
of the flue gas, taken from three zones, demon- 
strated the phenomena of delayed combustion. 
A zone some six inches above the gas burners 
showed an excess of free oxygen, the middle of 
the furnace contained considerably less free 
oxygen, While the upper samples from near the 
arch showed a neutral atmosphere. Conditions 


eXisting in this furnace made uniform tempera- 


ture distribution impossible introduced 
conditions which produced variations in the 
properties of the materials treated. 

The use of electrical resistors which generate 
heat directly in the furnace compartment pro- 
duces an ideal atmosphere for many of the heat 
treating operations. If an electrical furnace is 
air tight the amount of free oxygen in the fur- 
nace will not produce excessive scale or cause 
appreciable decarburization. To insure proper 
atmospheres, the newer types of electrical fur- 
naces are equipped with devices which intro- 
duce raw vas or some inert Las above the sur- 
faces of the metals treated. 

While the whole subject of atmosphere con- 
trol is so broad that only a few of its aspects 
have been lightly touched upon in the foregoing 
article, it is evident that the trend of the times 
is toward a realization of its importance. In- 
stances of it range all the way from the ancient 
patenting furnaces, where the rod is drawn 
through a gas filled pipe and exits directly into 
a molten lead quench, to the modern continuous 
furnaces which include a quench tank as an 
integral part. Improvement in scale resistant 
metals and high grade refractories is giving 
added impetus to the study of semi- or 
completely muffled) furnaces. Metallurgical 
operations which definitely produce correct at- 
mospheres for carburizing, brazing, or bright 
annealing are quite common, 

Altogether the production executive has a 
number of alternatives and his decision, of 
course, Should rest on those furnaces which will 


vive the desired results at the lowest costs. 
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Vin or Lose. 


w Tuar THe Fatt months are here, and the 

tional convention of the Society has been 
eld. the officers of the various Chapters are 
ooking ahead with high anticipation to the 
monthly meetings of their own groups. In 
nearly every locality, the executive committee 
and the program committee have had periodic 
meetings, and the subjects for discussion and 
speakers are already fixed for several months 
to come. In all likelihood such a course, plan- 
ned in advance by your own members, will 
include those subjects which are of most in- 
terest at the moment to the entire membership 
of the chapters, comprising a series of discus- 
sions of everyday problems, and will constitute 
an educational program which can be dupli- 
cated in no other way. 

It is the privilege of every member of the 
American Society for Steel Treating to enjoy 
and profit by these meetings. If he attends 
regularly, mixes with those present, becomes 
acquainted with the men who are in the same 
line of work, he will enjoy himself. He will 
profit by an interchange of ideas, informally 
in conversation with his new acquaintances, 
and also in the more formal part of the pro- 
gram, When listening to the speaker of the eve- 
ning, and joining in the discussion. 

lt is his own loss if he does not take what 
is rightfully his. It is his Society's loss if he 
does not give a little of his time and experience 
to his fellow members. If he attends, everyone 
gains. If he stays away, everyone loses. 

Each man should give a little of his time 
to the advancement of his art, his profession 


or his industry. 


Casting vs. W elding ees 


\\ ENGLISH ENGINEER recently remarked that 
vreraft engine construction in his country did 
| get a start until the middle of the war, when 
demands of Imperial defense jarred the 
nufacturers loose from cast iron, “that ma- 

il which had served their ancestors so long 

so well for lamp posts, sad irons and 


hen stoves.” 


ber, 1930 


In America we pride ourselves with being 
more adaptable, more able to select something 
new which serves the purpose. For that reason, 
our foundry industry has been fighting compe- 
tition from forgings, stampings, die castings, 
molded compositions and welded steel shapes 
and plates. By and large, the foundry industry 
has hardly held its own. 

Of course there are exceptional organizations 
and plants in gray iron, brass, steel and malle- 
able, which have been able to expand and pros- 
per. But taken as a whole, statistics show that 
the output from merchant furnaces — roughly 
representing foundry iron is making a sorry 
showing when compared to the total blast fur- 
nace pig iron. Likewise, the steel foundry in- 
dustry, greatly over-expanded during the war, 
has ever since been struggling to get business 
in a satisfactory volume. Many weaker com- 
panies have been bankrupted; the more ably 
managed companies, by sound management and 
a proper appreciation of scientific research, 
have supplied the lion’s share of the existing 
demand. 

Is the volume of this available business to be 
further restricted? How many parts will be 
made of welded steel rather than steel castings? 

This question has been discussed many times. 
A new approach is used by Messrs. Namack and 
Hobart in an article in this issue. Their thesis 
is that the steel foundry should not attempt to 
make big castings; it should make little castings 
and then weld them (with plates and shapes as 
needed) into big pieces. 

Such a method of approach tacitly assumes 
that steel founding is an uneconomic method 
for bulky, intricate or rangy pieces. This cor- 
responds to the trend in manufacturing large 
electric generators, with which the authors are 
most familiar. General Electric has so univer- 
sally substituted rolled and welded steel that a 
casting weighing more than a few hundred 
pounds is as rarely found in its plants as a 
horse and buggy. 

It seems, however, that the criterion is not 
size, but number. If only a few pieces are to 
be made, welded steel will always compete. If 


the quantity is sufficient so that the foundry can 
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install appropriate molding machines, convey- 
ors and other labor saving devices and operate 
them steadily, then the casting method will be 
more economical for large as well as small cast- 
ings. This fact also, while not definitely stated, 
is implicity recognized in many parts of Messrs. 
Namack and Hobart’s article — rather than a 
few large parts, make many smaller ones, they 
say, 

Another editorial comment may not be amiss: 
Within the last few months two very interesting 
applications of welded plate have been ob- 
served. In both instances the parts formerly 
used were steel castings, and represented siz- 
able business and good prices. In both instances 
the substitution was forced, against the desires 
of the consumer, because of the difficulty (if not 
utter impossibility) of getting castings free from 
internal sponginess and blowholes and external 
pits. The substitution was made not without 
expensive experience with unsuitable welds, but 
now that this problem has been solved, so many 
collateral advantages have been found to reside 
in welded construction that the steel casting is 
definitely out of the picture. 

Since steel castings have been exploited pre- 
eminently as a quality product, such incidents 
as these are worthy of careful consideration by 
the industry. Forgings have definitely secured 
the upper hand in high pressure pipe fittings, 
valve bodies, and such like because they are not 
so liable to develop a leak under test and cause 
expensive and extensive replacement. Are 
castings destined for further discrimination by 
purchasers who are not interested in high pres- 
sure work but who expect to get sound metal, 
sound underneath the skin, when they are sold 


a “quality” product? 


Convention Bill, 


Tuose or Us who were fortunate enough to 
be able to spend the last week in September 
at Chicago retain the liveliest recollections of 


a week well spent. If one were to count the 


money and time required to visit each one of 


the men or organizations who contributed to 


the information acquired during a short five 


660 


days, the sum would make the actual expens 
account seem trifling by comparison. If tho: 
who pay the bills could have this thoug! 
emphasized to them, and if they could realiz 
how few go to a National Metal Congress with 
the idea it is a vacation, the expense would 


look like an investment. 


An Essay on Quality eee 


Merat ProGress, the term, tacitly implies that 
progress in metal will ordinarily be associated 
with improvement in quality. “Quality First” 
would be the slogan, if it were guaranteed that 
the word quality might not be misinterpreted 
It means different things in different connec- 
tions. 

A manufacturer would be foolish, for in- 
stance, to put electric or crucible steel into 
fencing, yet very wise to use it for hoisting 
cable. The qualities in steel wire which make 
it suitable for easy twisting and weaving and 
for withstanding atmospheric corrosion are 
quite different from those whick enable it to 
resist shocks, overload, and constant bending 
over sheave wheels. 

When the word quality is understood as 
Webster defines it: “Excellence of character; 
a natural superiority in’ kind,” the phrase 
“Quality First” is full of meaning. Some firms 
and some whole industries have worked to this 
ideal and have thereby established a reputa- 
tion for superiority. Undoubtedly such a situa- 
tion is responsible for the wide use of American 
tools in German machine shops, and for the 
fact that the German salesman, soliciting an 
export order, is likely to say that his goods 
“are just as good as Brown & Sharpe. 

To attain such an enviable reputation and 
vet to be a commercial success requires tha! 
the urge of idealism be checked by the practica! 
rein of expediency. For instance, to make an 
excellent micrometer it is not necessary to 
pickle the forged jaw in chemically pure acid, 
or polish the barrel with diamond dust. Tha! 
expense might far better be put into the lead 
screw and the dividing engine. 

In other words, the commercial problems to 
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solved when arriving at a superior product 
ve to do with the balance between absolute 
ellence and the expediency of the proposed 
e of action or the actual necessities of the 
mstruction. 
Phose who can make the best approximation 
» this balance are frequently found to be the 
jioneers in the industry, and are the leaders 
n the manufacture of a product superior to 
those of its kind. Metal progress for such men 
will mean the production of a part which better 
serves the purpose for which it is intended. It 
will be the summation of a thousand details, 
each one carefully planned in relation to the 
entire course of manufacture, from the raw 
material to the finished article, ready for sale. 


Machinability 


Is rue Proptem which is now worrying many 
men who have to do with mass production in 
metal. Wherever they foregather, it is a safe 
bet that before long they will be comparing 
notes on recent machining experiences. It 
reminds one of that perennial topic of con- 
versation some ten years ago: The ability of 
some sheets to stand deep drawing and of 
others (almost indistinguishable) which failed 
miserably in the same dies. 

Producers of metals and alloys have’ in 
prospect vet another requirement added to the 
specifications, written or understood, which they 
must meet. It is not enough that the metal 
must be sound, inside and outside, with correct 
chemical analysis enabling it to be heat treated 
to certain strength and hardness, have proper 
srain size and normality — all this is not 
enough, but now the steel must be uniform, 
ieal to heat, in its machinability. 

Such a requirement is the more difficult to 

eel, since there is no ready test for the prop- 

tv desired. 

Of course, we all know there are variations 

the ease with which metal may be cut, rang- 

all the way from screw machine stock to 
austenitic manganese steels and aluminum 
izes. But there has not vet been established 


quantitative measure. Frederick W. Taylor 


her, 1930 


showed how it could be done, and actually did 
it more than 30 years ago, when he was reduc- 
ing the art of cutting metals to a science, but 
the theoretically correct way is so time-consum- 
ing and so expensive that the work is seldom 
performed today, and in any event is imprac- 
ticable as a routine acceptance test. 

Meanwhile, the purchaser is faced with the 
circumstance that one heat of steel, identical 
with its predecessor as far as chemical analysis, 
cleanliness, hardness, grain size, normality and 
tensile properties can determine, acts quite dif- 
ferently when on a gear cutter. Tools must be 
ground five times as often, to the general dis- 
ruption of production schedules and boosting 
of production costs. 

Some consumers have the attitude that since 
this is something which is inherent in the steel, 
it is a problem for the steel maker to lick. 
Others are studying it intensively to discover 
some criterion which will quickly spot a steel 
which is hard to machine. 

Most steel makers are inclined to say that it 
is unfair to expect them to meet an intangible 
specification. 

The outside observer is reminded of the 
situation of “armed neutrality” which existed 
vears ago between the sheet manufacturers and 
the auto body builders, until it) occurred to 
some of them that neither consumer nor pro- 
ducer could produce deep drawing stock with- 
out the other’s help. When the production men 
of both parties met, told each other about the 
difficulties and requirements, agreed upon a 
campaign whereby the effect of each variation 
in commercial practice could be tested in turn, 
then real progress was made. 

This does not imply that there are no troubles 
to be encountered in the manufacture and use 
of fender stock, for instance, vet it is true that 
the quality of the sheet now commonly sold 
under this classification is far and away better 
than it was when the two parties were passing 
the buck back and forth. But it does imply 
that this new problem of uniform machinability 
will progress toward solution at a speed directly 
proportional to the amount of cooperative in- 
vestigation which is done by steel maker and 


steel buyer. 
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According to the New Publication Policy of the American 
Society for Steel Treating, TRANSACTIONS will appear twice 
a year. Its principal contents will be papers presented 
before general meetings of the Society, together with the 
discussion. An important additional class of material will 
be articles on metallurgical theory or exhaustive discus- 
sions of problems which are worthy of permanent record 
but which are not adaptable for presentation at length in 
MeTAL ProGress. 

Such an instance is a study of “Austenite Decomposition 
and the Changes in Magnetic Properties,” by H. S. Van Vleet, 
metallurgist, Western Electric Co., Chicago, and Prof. Clair 
Upthegrove, University of Michigan, an abstract of which is 
presented herewith. Reprints of the entire article in pam- 
phlet form will be sent to those members of the A. S. S. T. 


who send a request to the National Office. 


HILE austenite is retained in quenched 

steel and is non-magnetic in character, it 
is possible that there is a critical amount exist- 
ing in heat treated tungsten steel which for each 
composition vields the maximum magnetic per- 
manence. To investigate this supposition Messrs. 
Van Viecet and Upthegrove quenched a steel con- 
taining 5.7 per cent tungsten and 0.60 per cent 
carbon from various temperatures in oil, water 
and sodium hydrate, and then measured the 
hardness, density and magnetic properties after 
tempering at several heats and after immersing 
in liquid air for various periods. 

During the last 15 vears, many studies have 
been made on the preservation of austenite in 
quenched steels and its subsequent decomposi- 
tion. A summary of the main conclusions of 
these researches may stated” briefly as 
follows: 

1. Austenite is shown by the method of X-ray 
spectrum analysis to be a solid solution of car- 


bon or iron carbide in gamma iron. 


6s 


2. Austenite is always present with martensite 
in medium or high carbon steels quenched from 
the normal hardening temperatures. 

3. Higher quenching temperatures generally 
favor the retention of a greater proportion of 
austenite. 

1. The presence of certain alloying elements 
favors the retention of austenite at room tem- 
peratures in quenched steels. 

®. Quenching in oil retains a larger propor- 
tion of austenite than quenching in either water 
or 9) per cent sodium hydroxide. 

6. Gamma iron and austenite are non-mag 
netic in character. 

7. Retained austenite shows a marked diffe: 
ence in stability upon immersing the quenched 
steels in liquid air. In carbon steels, liquid air 
immersion causes practically complete decon- 
position of retained austenite. In alloy stee's 
no definite statement applies. 

8. Austenite decomposition in liquid 
causes the formation of martensite. 
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Austenite decomposition by tempering usu- 
produces troostite. 
0). When austenite is made to decompose on 
npering, the temperature range most favor- 
le for decomposition is dependent on the al- 
ving elements present and their concentration. 

ime of heating at temperature plays an im- 

ortant part in the decomposition of austenite 
during tempering. A long draw at a low tem- 
perature will cause the same effect as a shorter 
‘ime at a higher temperature. 

11. In the tempering of quenched carbon 
steels, there are two processes which take place: 
lirst, the decomposition of martensite taking 
place over a wide range of temperature, begin- 
ning at a tempering temperature of 100 deg. C. 
and continuing until 400 deg. C. is reached; and 
second, the decomposition of austenite which 
takes place over a shorter interval of tempera- 
ture, starting at approximately 150 deg. C. and 
ending before a tempering temperature of 300 
deg. C. is reached. 

12. Austenite retained in quenched steels is 
rendered less stable by deformation. 


Hardness of Constituents 


The seratch hardness of the various constitu- 
ents of hardened and tempered steel varies in 
decreasing order as follows: martensite, troost- 
ite, austenite, sorbite, pearlite, ferrite. 

14. The density of the various constituents of 
steel are given in order of decreasing density or 
increasing volume: carbides, austenite, ferrite 


plus carbide, and martensite. 


Degrees Fahrenheit 
200 400 
Quenched from 2000°F (1097°C) 


— vil Quench 
---- Water 
|—-— 


Drawing Temperature, Degrees Centigrade 


Changes in Density of Quenched 
Magnet Steel After Various Draws. 
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Typical results of Van Vleet and Upthegrove’s 
experiments are shown in the selected curves 
on this page. 

Three distinct changes in slope of the curves 
in the first diagram were found common for all 
quenching temperatures from 1600 to 2000 deg. 
Fahr., viz. at 300, at 525, and at 605 deg. C. 
These changes in slope of the curves repre- 
senting changes in density with tempering tem- 
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Yegrees Ceniigradce 


Changes in the Product of Residual Induction by 
the Coercive Force with the Drawing Temperature. 


perature may be attributed to the separate or 
combined influence of the following factors: 

1. Release of quenching stress and distortion 
of the space lattice, resulting in an expansion 
in volume or a decrease in density. 

2. Precipitation and coalescence of carbide 
particles resulting in a contraction in volume 
or an increase in density. 

3. Decomposition of martensite causing a con- 
traction in volume or an increase in density. 

1. Decomposition of austenite causing an ex- 
pansion in volume or a decrease in density. 

The increase in density which occurs upon 
tempering up to 200 deg. C. is probably a result 
of the predominant influence of the second fac- 
tor, precipitation and coalescence of cementite 
particles. 

Differences in density between specimens 
quenched in oil, water and 5 per cent NaOH 
when the temperature 


disappear drawing 


reaches 300 deg. C. This is believed to be a re- 
sult of relieving those differences which arose 


during the quenching treatment; namely, dif- 
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ferences in stability and amount of retained 
austenite, differences in quenching stress and 
in amount of ferrite and cementite particles. 
In tempering above 300 deg. C. the change in 
density is a uniform increase, showing the 
predominance of the third factor, resulting in 
a uniform growth of ferrite particles and mar- 


tensite decomposition, until 525 is reached. 


Factors Counterbalance 


In tempering the quenched bars between 525 


deg. C. and 605 deg. C. the density remains 


practically constant. This evidence points to 
the conclusion that the retained austenite de- 
composes during tempering within this tem- 
perature range and that the decomposition of 
martensite and austenite, factors (3) and (1), 
proceeds at rates which counterbalance each 
other, as indicated by the small net change in 
density over this range of temperature. In tem- 
pering above 605 deg. C. the slope of the curves, 
which represents the change in density with 
tempering temperature, is approximately the 
same as the slope below 525 deg. C. This sup- 
ports the view that martensite is a product of 
the decomposition of austenite during temper- 
ing and that the changes occuring in the magnet 
steel upon tempering are the same immediately 
above the range of temperature most favorable 
to the decomposition of austenite as immedi- 
ately below that range. 

Corresponding changes in magnetic properties 
are most clearly noted in the second diagram. 

Similar experiments were made on bars after 
immersion in liquid air. The authors conclude 
from the data that such immersion is not suf- 
ficient to decompose completely the austenite 
retained in 5.7 per cent tungsten steel, especially 
when quenched from the higher temperatures. 
Also that the decomposition product resulting 
from a liquid air quench is different from that 
resulting from a mild tempering. For instance, 
while both treatments increase the density, the 
Rockwell C hardness is increased by drawing 
but decreased by liquid air immersion. Further- 
more, while the residual inductance is increased 
by both treatments, the coercive force is in- 
creased by drawing but decreased by liquid 
air immersion. 

The authors explain such facts by reference 
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Whe) 
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ness of the four factors outlined above. 


austenite decomposes during 
stresses set up within the specimens by quenc!}.- 
ing are relieved. In tempering decompositio) 
proceeds more slowly, giving time for the prec 
pitation of cementite along the crystallographi- 
planes and subsequent coalescence of the pa: 
ticles. During tempering the growth of ferril, 
particles also takes place as the temperature js 
increased, and the decomposition of martensite 
and troostite accompanies the decomposition of 
austenite during tempering within the range 525 
deg C. to 605 deg. C. 

On the other hand, when the retained austen- 


ite decomposes during immersion in liquid air 


Structure of Magnet Steel After Quenching from 


1100 Deg. C. in Oil. Magnification 1000 X. 
the quenching stresses are still present and the 
coalescence of cementite and growth of ferrite 
particles is impeded by the low temperature. 
The rate of decomposition of austenite is rapid 
during immersion in liquid air, as indicated by 
the greater part of the total change taking place 
within the first eight hour period of immersion. 
The observed differences in effect of austen 
ite decomposition, depending on whether the 
decomposition is affected by liquid air imme! 
sion or by tempering, are therefore believed to 
be the result of the mode of decomposition. D« 
composition during tempering follows the aus 
tenite-martensite-troostite-sorbite type of chang 
while in liquid air the decomposition simulate 
the austenite-troostite change without the a 


companyving growth of cementite and ferrit: 
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im the Steel Foundry 


TIS SAID in a recently published article 
that “modern chemistry is rejuvenating 
long-established industries and creating new 
ones over night.” Yet it is not alone in chem- 
stry but in many other fields of applied science 
‘hat knowledge is advancing at a rapid rate and 
ew processes are being applied not only to 
reate new industries but to perfect and advance 
e long-established ones. 
Modern welding processes constitute notable 
stances. Among the industries in which weld- 


is already being emploved with much ad- 
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vantage may be mentioned (1) steel building 
construction (2) steel bridge construction (3) 
ship building (1) pipe line construction (5) 
construction of various kinds of machinery such 
as machine tools, electric motors, generators, 
transformers, and switchgear, and (6) construc- 
tion of pressure vessels. 

There has been some feeling that the continu- 
ally increasing use of welding is a menace to 
the steel foundry. To this we do not agree. 
The object of this paper is to call attention to 


the value of combining the accumulated experi- 
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ence in the foundry and in the welding arts, and 
of applying this united experience to the devel- 
opment of the foundry art to a degree hitherto 
unattainable. 

The suggestion that the steel foundry has seen 
its best days is preposterous. Nevertheless, not 
only are such suggestions 
made or implied, but there 
is an inclination to take 
ill-considered steps in an- 
ticipation of a decreasing 
need for cast steel prod- 
ucts. We read numerous 
articles which express pes- 
simistic views of the future of the industry. 
Among reasons mentioned for the dismal out- 
look is the rapidly increasing substitution of 
welded rolled material for steel castings. In- 
stead of being regarded as a menace, our con- 
tention is that welding processes should be 
considered as a_ logical complement to the 
foundry art. 

It is very true that during the last few years 
many kinds of dynamo-electric machinery have 
been redesigned, the castings employed in the 
former designs being largely (and often en- 
tirely) replaced by rolled material joined by 
are welding. In the manufacture of machine 
tools and of other products, corresponding 
changes have been made. Yet our contention is 


By L. H. Namack 
©. should a= structural en- 


Why, Ask the Authors, Should Structural 

Details Be Made of a Dozen Small Parts, 

Riveted Together, When a Single Steel 
Casting, Welded On, Is Better 


that engineers have vet failed to take full ac- 
vantage of designs whereby two or more con 
ponent steel castings may be joined by ar 
welding (or, indeed, by any kind of welding 
to make up larger parts. Similarly, steel cas! 
ings are only infrequently welded to rolled 
plates and structura! 
shapes. Why, for instance, 


gineer continue to make 
brackets of plates and 
angles, the same as when 
nothing but riveted joints 
were permitted? Simple, 
standardized castings, readily welded to a col- 
umn by an operation such as shown in the 
striking photograph at the head of this article, 
would be a better detail. 

For foundries with open-hearth furnaces, the 
cost of molten steel is a little over one cent a 
pound, but the further steps of producing cast- 
ings bring up the cost to 10¢ or more for com- 
plicated products or 5 to 6¢ per Ib. for those of 
simple design. 

Now numbers of simple and cheap steel cast- 
ings, properly joined by are welding, will be as 
satisfactory as the usual single casting of steel. 
An instance of this is shown on this page, photo- 
graphed by Stoody Co. of Whittier, Calif. An 
oil drilling fixture, subject to the severest sery- 
ice, is most efficiently made of two simple cast- 
ings welded to each other. 

We have also in mind even larger and more 
intricate fabrications. In some cases the com- 
plications of making the product with a single 
casting and the limitations of the foundry proc- 
esses, will result in a greater weight for the re- 
quired duty than would be the case with an 
equivalent structure made up from two or more 
simple components, each devoid of expensive 
complications, welded together. For instance, 
the designer must keep the cross-sections in hits 
casting as nearly uniform as possible, regardless 
of the strength requirements. Or he must mak: 
certain sections extra heavy to provide proper 
feeding and to minimize shrinkage stresses. 

Assume a single complicated casting weighin 
1000 Ib. and costing 10¢ per Ib., or S100. On: 
equally good may be produced by welding t 
gether several simple castings costing, perhaps. 


only 6e¢ per Ib.; and, owing to the above co! 
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rations, it may have a total weight of only 
ib.. the total cost of the component castings 
being S18. 


i the cost of joining the component castings 


It can be reasonably assumed 


are welding is $16. Then the total costs will 

S100 and S64 respectively. The total weight 

is been reduced by 20 per cent and the total 

st by 36 per cent. 

Unquestionably there are many instances 
-here, at the lesser cost, a lighter and better 
product will be obtained. Also, artistic appear- 
mee can be given more consideration, utilizing 
castings for the rounded or 
filleted regions, and plates for 
the flat areas. 

Go even further to the mat- 
ter of large castings weighing 
many tons. The practice of 
are welding has now reached 
the stage where satisfactorily 
high strength may be obtained 
by welding together any num- 
ber of castings of whatever 
size and shape correspond to 
the lowest cost. It is in the 
very large castings that there 
is the greatest probability of 
blowholes, sponginess, and 
other defects, and in which 
the cost and delay of rejec- 
lions are most serious. 

Also the small components 
can frequently be machined 
on less expensive tools, sev- 
eral at the same time, and not 
welded together until all or a 
great part of the machine work is done. There 
is thus the hazard of rejecting only a relatively 
small part in the event any defect is uncovered. 
lhe time required to build)» massive ma- 
chines may by this procedure be decreased 
considerably. 

A large casting embodying many projections 
or changing contours involves a pattern which 
must be so molded that the important factors 
for success, such as drawing of the pattern and 
position of the gate and feeding heads, are at 
best compromises. As a result certain parts of 
casting must necessarily suffer. If, instead 
© the large castings, we make the piece out of 


component castings, then each part may be so 
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molded and poured as to obtain the best results. 

The proposed procedure eliminates large and 
expensive cores, and avoids many associated 
difliculties. The cost of cleaning and chipping 
will be reduced. There will be fewer fins at the 
joining of core to core and to mold. All parts 
of the individual parts will be more accessible 
for cleaning. 

Foundry troubles traceable to maintaining 
cores in proper position using “tie downs” to 
prevent floating, or chaplets for support, will of 


course be minimized. 


Another source of cost with large steel cast- 
ings is the number of massive shrink heads and 
provision for their removal. Shrinkage ten- 
dencies also constitute very much less of a dif- 
ficulty in small than in large castings. Further- 
more, greater uniformity of composition may be 
obtained more readily in small castings, which 
cool more quickly. 

Various desirable heat treatments can be ap- 
plied to small castings, and much more cheaply 
and effectively than to very large castings. The 
employment of hydraulic pressure and also of 
centrifugal methods during the process of cast- 
ing, to improve the casting, is more practicable 


and effective in small castings than in large ones. 


73 


= 
4 


Lastly, in the case of very large structures, 
shipping may be facilitated and cheapened by 
welding together only the small components 
into moderately large parts. These moderately 


large parts may be welded together on the site. 


Should Reduce Foundry Overhead 


The kind of welding contemplated in’ these 
recommendations is so ordinary and is already 
so well-developed that, if taken over by a 
foundry, it would add but little to the burden on 
the executives. In other words, the foundry 
would continue to be a foundry, the welding 
work being a minor detail, though one of much 
importance in enabling the foundry to compete 
with concerns turning out fabricated structures, 

A new foundry would be designed to produce 
individual steel castings up to a certain reason- 
able size as a maximum. This would decrease 
the cost of the building and its equipment, thus 
decreasing the fixed charges. 

Perhaps the proposal may be made more 
definite by suggesting that essentially it con- 
sists in substituting for an outlay of 100 for a 
steel foundry of the traditional design for mak- 
ing castings up to a limiting weight of pounds, 
a foundry equipped for making castings up to 
a limiting weight of only (say) one fourth of 
P pounds and only costing 50 instead of 100, 
together with the provision of welding and ma- 
chining facilities costing 10. With such a 
foundry, the overhead would be figured on a 
capital outlay of 60 as against 100. 

In arriving at the correct economic distribu- 
tion of the work between the fabricating depart- 
ments and the foundries, more consideration 
should be given to the possible and desirable 
use of welding for joining mild steel castings to 
each other, to rolled plates, to structural sec- 
tions, to forgings, or to metal stampings. Proper 
allocation of these details will, in all probability, 
prove to be as important a consideration in the 
lavout of a new plant, as they would be, for in- 
stance, in a new shop for the fabrication of 
structural steel. 

These suggestions apply exclusively to cast 
steel, and not to cast iron. Welding of cast iron 
parts is at present usually attended with com- 
plications and difficulties. Undoubtedly, how- 
ever, the merits of the plan will often justify 


using cast steel where heretofore cast iron h.s 
been employed. 

This general proposition naturally leads to t! 
possibilities of standardization and simplific 
tion of patterns and castings. In some parts «of 
machines of very different kinds, sizes and pur- 
poses, the same castings could be employed, 
suitably welded to other standardized castings, 
rolled shapes, forgings, or metal stampings, to 
oblain very different resultant structures. 

In addition to the lists of rolled shapes of 
standardized dimensions to which designers 
constantly refer in their work, there should 
gradually be accumulated lists of simple cast- 
ings for purposes requiring their use in large 
numbers and which would be cheaply produced 
in large quantities. Such a movement has al- 
ready started. Thus, in the June 1930 issue of 
Valve World, the Crane Co. illustrates a stand- 
ardized line of forged steel flanges with necks 
ready to be welded to piping of standard sizes 

The illustration on the preceding page gives 
an instance where steel castings are being 
welded to other steel parts. It was photo- 
graphed at the Bauer Brothers Co. plant, Spring- 
field, Ohio. The part is the base of a hammer 
mill for grinding grain and other organic prod- 
ucts. The welder has one such base practically 
completed. Components for a second are ranged 
in the foreground. 

The two sides are steel castings, and incor 
porate brackets, bosses and channels. [It could 
have been made of steel plate, but would have 
cost too much. The entire box-like structure, 
with flat ends and curved hopper bottom, can by 
most readily fabricated by a judicious combina 
tion of rolled and cast steel into a rugged part 
of minimum weight and cost. 

Progress is made infrequently by discarding 
entirely an old and well tried process — rather 
by fostering and developing its unique or su- 
perior merits. Welding, the process, is rela- 
tively new and has fired the enthusiasm of its 
proponents to accomplish many notable ad- 
vances. However, although we are among tli 
proponents of welding, we would plead for a 


broader view of the question “casting vs. rolled 


product.” Each has its place. Each has t's 
unique merits. A judicious combination of cast, 
rolled and welded products will) undoubted!) 


represent the most economic solution. 
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The 


Metal 


Yacht 


WESTERNER, whose youthful races were 


run on the hurricane deck of a cow pony, 


would assume that the rigging of a cup defender 


is made of stuff like a lariat. Even an easterner 
who is more used to regattas might readily think 
that a racing vacht is made of canvas, hemp and 
wood. As a matter of fact, both are wrong. 
Small boats are made of wood, but the ships 
of 75-ft. rating and bigger, capable of sailing 
the ocean, are mostly metal and canvas. Bronze 
hulls are an old story, dating back 30 vears to 
the Reliance, which defended the cup in 1905, 
but W. Starling Burgess, of New York, designer 
of the present defender, the Enterprise, has 
carried the matter still further with a duralu- 
min mast, super-strength steel cable socketed 
in heat treated alloy steel fittings, and a variety 
of gear made of other metals and alloys. 
kvervone who reads sporting news knows 
that four vachts have been built during the 
last vear to compete for the honor of defending 
the America’s cup. Of these, three (Yankee, 
uterprise and Weetamoe) are constructed of 
‘cel frames and deck beams, bronze shell plat- 
4 and wooden decks. The fourth, the Whirl- 
nd, as well as Sir Thomas Lipton’s challenger, 
amrock V, is built on the composite system, 
th steel frames and mahogany planking. All 


are designed under the so-called universal 
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rule of rating, 76-ft. class, so they may race on 
equal terms without time allowances or handi- 
caps based on variations in hull dimension and 
sail area. All meet Lloyd's requirements for 
scantlings and details of construction, and, con- 
sequently, are sturdy craft able to withstand 
rough weather in open seas. 

Two of the views (over-page) show the ex- 
terior and interior construction of the Enter- 
prise’s hull, which may be regarded as typical. 
The steel frames made of bulb angles are set 
fairly close together, so the !,-in. tobin bronze 
plating may ride unsupported between. Plates 
are joined with 1°,-in. single lap at iongitudinal 
seams, and butted with interior straps at trans- 
verse joints. (In the Yankee and Weetamoe 
hulls the longitudinal seams also are butted 
joints with inside straps, a somewhat heavier 
design.) Rivets are also of tobin bronze, '.-in. 
diameter, with countersunk heads outside. 

From the exterior view it can be seen that the 
upper hull is painted, but below water line the 
bronze plating is hand rubbed to a brilliantly 
smooth polish. This is to reduce the skin fric- 
tion, when rushing through the water, to the 
very minimum. In fact, the 80 tons of lead, 
forming the Enterprise’s keel, the rudder and 
all underwater parts are sheathed with polished 


tobin bronze. A low coeflicient of friction, and 
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iperior resistance to fouling from corrosion 

roducts or marine growth, are two factors 
vhich make polished bronze much superior to 
vainted steel for hull plating. The view of the 
hull, at the right, shows by the mirror-like re- 
flections from the plating that it is possible to 
lay it on the hull in fair lines. Whether bronze 
is sufficiently better than mahogany to warrant 
its excess weight was debatable when the vacht 
was built, but the result of the races has re- 
moved this doubt. 

A question will immediately arise in many 
readers’ minds: “How about corrosion of the 
steel frame?” They remember that a monel 
metal vacht, Sea Call, was in the water only 
three weeks when the iron rivets began to drop 
out, the heads entirely eaten away by corrosion. 
A perfect electrolytic cell was established by 
iron, copper and sea water, all three in intimate 
contact. 

The reply is that in the Enterprise all exposed 
metal is of one analysis—tobin bronze. The 
bronze-to-steel contacts are all inside the hull, 
where it is dry. Of course, a little leakage is 
unavoidable. It will wet the flat keel plate 
and angle bars joining the keel to the lowest 
course of hull plates. These parts are all of 
bronze, the steel frames being stopped several 
inches above, giving a clear trough in which the 
bilge water can slop about. Thus there is little 
likelihood that steel and bronze can be long 
submerged in salt water. 

Experience also indicates that these precau- 
tions are sufficient. As remarked before, the 
Reliance, built in 1903, has a steel frame and 
bronze plating on the hull and an aluminum 
deck. This boat was refurnished sumptuously 
as a pleasure yacht after its successful defense 
of the cup, and has been in commission since 
then. Indeed, the Resolute, built in 1914 in this 
manner, was used as a trial horse in the elimi- 
nation races last summer. Hull and framing of 
both boats are in perfect condition. 

Before leaving this very interesting matter 
of hull construction, it may be mentioned that 
the wooden planking of the Whirlwind is at- 
tached to the steel frame with everdur bolts, 
set in countersunk holes, plugged from the out- 

de with wood. 

Several times in the above account the matter 

saving in weight has been mentioned. It 
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might be assumed that the lightest boat would 
sail the fastest. This is by no means true, In 
the trial races the Yankee, with 145 tons dis- 
placement, several times beat the Enterprise, 
weighing 16 tons less, in a strong breeze. Their 
sail areas are identical. It seems to be a matter 
of where the weight is placed, the shape of the 
hull, and the margin of strength in the rigging 
to withstand a real wind. 

It is difficult to expound this matter of saving 
weight where weight counts, without dragging 
integral calculus and complicated formulas into 
the discussion. It will readily be seen that a 
smaller boat with less wetted surface to offer 
skin friction and less wave-making resistance 
will be superior to the heavier boat (as far as 
speed and sailing ability is concerned) if she 
has the same righting moment to hold her up to 
the wind. But this righting moment depends 
directly on the displacement; the heavier boat, 
if reasonably well designed, has inherently a 
better righting moment and this counteracts, in 
pari, the advantage of the lighter boat. 

Furthermore, water line length has so much 
to do with it, that the requirements of the rules 
fix the relationship between it and the displace- 
ment. The longer boat must be heavier, and 
thereby have a bigger stability moment, and 
better ability to stand up in a breeze. This ad- 
vantage of the boat with the longer water-line 
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Steel Cable, 
Alloy Steel 
Spreaders and 
Cable Ends, 
Brass and Monel 
Fittings 


length may be overcome by a slightly shorter 
and lighter vacht by cutting down the weight 
of her rigging, thus creating a boat of the same 
driving power vet meeting less resistance from 
the water. 

Stripped of many technical qualifications, it 
may be said that the heavier ship requires more 
sail to drive her through the water. But the 
gross dimensions of hull and sail are fixed for 
the cup races within fairly close limits by the 
qualifying rules. It follows that, sail area and 
stability being equal, the lighter ship will ride 
higher, meet less resistance from the water, and 
turn the available sail power into speed more 
efliciently. 

Bear in mind that the center of gravity of 
the mast, sails and rigging is about 60 ft. above 
the center of gravity of the full-rigged craft. 
The center of gravity of the lead keel, on the 
other hand, is only 10 ft. below the center of 
gravity of the whole ship, mast and sails. It fol- 
lows that every pound which can be dropped 
out of the rigging, and placed in the lead keel 
represents a valuable increase in stability. 

Furthermore, a sailing ship with light rig- 
ging handles more smartly than one with 
heavy; there is less momentum on the moving 
parts, keeled over by a puff of wind, and the 
counteracting force exerted by the ballast pulls 
the mast back toward plumb more quickly. 

Mr. Burgess, designer of the Enterprise, there- 


fore turned his attention to saving weight where 
weight counts the most. The first mast used by 
the Enterprise was built of spruce into a thick- 
walled oval, 27 by 20 in. in major dimensions, 
168 ft. high. It had monel metal fittings and 
weighed about 5100 Ibs. A spare mast was also 
built, with slightly thinner walls and many dur- 
alumin fittings, saving 300 Ib. Riveted dur- 
alumin was then considered. A third mast of 
equal strength was built of this metal with 
many heat treated chrome-molybdenum and 
stainless steel details by the Glenn L. Martin 
Co., Baltimore, Md., and it weighed only 4000 
lb. (AIL figures are for “naked” mast, without 
fittings). 

According to Henry Gruber, chief drafts- 
man for the Burgess firm, a further 600 Ib. was 
saved in the fittings about the mast, and 800 Ib. 
more by using high strength steel cable, “tru 
loc” shroud ends and duralumin blocks instead 
of more conventional materials. This makes a 
total of approximately 2500 Ib. saved 60 ft. aloft 

The Enterprise actually has 15 long tons 
less displacement than the Weetamoe, the light 
est competitor, and 6 long tons less than th: 
Shamrock, of almost identical dimensions. 

A good idea of the construction of the dui 
alumin mast may be had from the illustratio: 
on page 79. Its cross section is a 12-sided regu 
lar polygon, 18 in. outside diameter at the foo! 


tapering toward the top. The normal thicknes 
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‘he wall consists of two ¥,-in. plates (three in 

bottom section), and a bent angle plate in- 
ie and outside at each corner. All rivets are 
It is stepped — that is, fixed in a 
in the very fusible Wood's 


iralumin. 
wket at the keel 
netal (50 per cent bismuth, 12.5 per cent tin, 
5 per cent lead and 12.5 per cent cadmium). 

Views on page 80 of fittings on the light 
wooden mast show the difliculty of transferring 
stress from mast to steel shrouds. Spruce is 
quite weak in bearing, across grain, conse- 
quently the loads must be spread out to a num- 
ber of wood screws in the wooden mast by 
monel metal tangs. The equivalent attachments 
to the duralumin mast are made to a pin ex- 
tending clear through the mast. At such a point 
short lengths of the light metal strapping on op- 
posite sides are replaced with heat treated 
chrome-molybdenum steel, through which is let 
the pin, a piece of *,-in. Shelby seamless steel 
tubing, threaded at the ends. If additional bear- 
ing is needed between pin and steel bars, a disc 
of steel would be welded to the latter. Mr. 
Gruber said that for a typical fitting 22 rivets 
on the metal mast would carry the same bearing 
stress as 165 wood screws in spruce. 

Other more complicated fittings are even 


more readily attached. The track for the main 


boom, when made (as illustrated in the right 
hand cut on page 80) of a monel metal casting, 
with strap for attachment to a wooden mast, 
This track al- 


lows the forward end of the boom to be hauled 


weighs approximately 100° Lb. 


down to tighten the main sail. When made of 
stainless steel and riveted into the duralumin 
mast (as are the spinnaker boom tracks shown 
on the front of the mast — page 79) it weighs 
hardly one quarter as much. Many fittings on 
all the contending vachts, such as sail slides and 
boom ends, are of monel. 

Notable savings in weight have been made in 
the standing rigging and its fittings. Usual con- 
struction is to use plow steel stranded wire rope 
for both the flexible halvards (which run over 
blocks) and the stays, which end in links or 
turnbuckles. At all places where flexibility is 
not essential, Mr. Burgess has installed single 
strand, 19-wire steel cable. As an instance, a 
1 x 19 cable, 7, in. diameter has a 92,000-Ib. 
breaking load; a 6 x 7 plow steel rope, 7, in. 
diameter, has a greater elastic stretch and a 
66,000-Ib. breaking load. Put in others words, a 
1 x 19 cable, *, in. diameter, may replace a 1!x- 
in. stranded rope, thus saving weight and wind- 
age of rigging. 

One difficulty formerly experienced with stiff 

single strand cables has 
been surmounted by the 


American Cable Co. in 


developing its “tru-loc” 
\ shroud ends. These are 


\\ shown in the detailed 
view of the wooden mast, 
page SO, and even more 
clearly in the deck view, 
at left. They consist of 
a short length of seam- 


less tubing 


g, slipped over 
the cable and compressed 
against the wires by cold 
rolling. The length is 
chosen so that the cable 
will break 


tubing will slip off. The 


before the 


tubing is then threaded 
for attachment to a hook, 
eve or turnbuckle. Such 
a fitting saves some 
weight of the old “spliced- 
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eves” used at the ends of flexible strand, and 
eliminates trouble in splicing the stiff 1x19 cable. 

Hooks, eves and turnbuckles were made 
by Glenn L. Martin Co., of S.A.E. 4140) steel, 
heat treated to 125,000 Ib. per sq. in. tensile 
and 


Blocks have duralumin=§ shells 


strength. 


Cable Is Socketed Into 
Seamless Tubing and 
Threaded Into Heat 
Treated Alloy Steel 
Tarnbuckles, Eyes or 
Hooks 


sheaves; the strap and shackle are of steel, and 
the steel pin is bronze bushed. These are made 
by Merriman Brothers, Boston, and are similar 
to those still used on the Resolute and Vanitie 
and supplied when they were built in 1914. 
Another interesting detail, where about half 
of the weight has been saved, is seen in the 
spreaders — the four short struts at the sides of 
the mast. (A land-lubberly engineer would say 
that the mast is a trussed beam, and the spread- 
ers are the queen-posts. They are prominently 
shown in the birds’ eye view on page 76.) 
Wooden masts first fitted to the Enterprise had 
hollow wooden spreaders, stream-lined in cross 
section, about 15 in. by 6 in. in outside dimen- 
sion and 14 ft. long, with cast lynite end fittings. 


Each weighs about 140 Ib. These have been re- 


SO 


Monel Metal Fittings 
Used on Wooden 
Masts to Subdivide 
Stresses to Many 
Screws 


tubular steel members of equal 
The latter are 


placed by 
strength weighing about 70 Ib. 
round in cross section, about 5 in. diameter in 
the center, tapering to3in. at each end. Each one 
is made of eight pieces of thin chrome-molyb- 
denum sheet, properly bent, welded together 
and to similar alloy end fittings, and the whole 
piece heat treated after fabrication. 
Remaining space is suflicient merely to men- 
tion the many other metal parts going into the 
construction of the cup defender. The illustra- 
tions show some of them. Cleats are of bronze, 
as are the small winches below decks. Grab 
rails about the decks are of aluminum (3 SH). 
Center boards are a slab of bronze, 1°, in. thick, 
The track for the 
mainsail, riveted to the mast, is a strip of dur- 
alumin, (17 ST) 1's by 14 in., 145 ft. long in one 


one cast, the other rolled. 


piece. Sail-slides are of monel metal or stain- 
less steel. Many fittings between decks are of 
The lead keel is al- 


tached to the hull with bronze bolts. Some <A!- 


strong aluminum alloys. 


legheny metal is used for hanger fittings; some 
are steel forgings. In all, it is fair to say that 


the Enterprise is a metal ship! 
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Dendritic Structure in 8-per cent Copper Alloy of High Purity 


(Sand-cast test bar, ‘2-in. diameter! 


Etched deeply with solution of Unetched; magnified 7 diameters Unetehed. Junction of three den 
10 per cent HF plus 10 per cent Dendritic nature of grains is drites. Magnified 30 X A small 
HNO Unusually coarse grained, quite evident. Grain size in ordi shrinkage cavity occurs at the 
partly on account of its high nary castings is usually smaller junction Inter -dendritic net 
purity. Magnification 5 NX. and less perfectly developed, work of CuAl is also apparent 
4 


Microstructure of High Purity Alloys with 5, 8, and 19-per cent Copper 


(Sand-cast test bars, ‘2-in, diameter, unetched, magnified 75 times) 


per cent Copper Alloy. Shows S-per cent Copper Alloy. Junction of two dendrites. 12-per cent Copper Alloys Dhes« 

partial network of the eutectic CuAl shows considerable coalescence The distinet three alloys contain less than 

‘aluminum-CuAl,.) around den- network between dendritic grains shown here, and 0.05 per cent impurities, and the 

drites and between dendritic in the two photographs on the right, above, is un- increasing amount of CuAl is 
branches. usual in aluminum-copper alloys of commercial evident 


purity, but mav be found in large ingots of alloys 
containing about 4 per cent Cu, 


Effect of Solution Heat Treatment and of Burning 
(d-per cent copper alloy, impurities less than 0.05 per cent, magnified 75 times) 
Sand cast test bar, heated 48 hr. Same as at left, but etehed with Overheated or burned alloy Forged 
it O44 deg. C., quenched in water. aqueous solution containing 2.5 alloy of high purity, heated & days 
Etched in aqueous solution con per cent HCl, 1.5 per cent HNO it O40 deg. C.. quenehed, reheated 
taining 0.5 per cent HF. In othe: and I per cent HF. Shows grain to above solidus and quenched 
fields the network is” entirety contrast and uniform distribu Rosettes appeared before grain 


absent. tion of copper. boundary fusion Unetched 


Aluminum-copper Eutectic 
33.3 per cent Copper 


\t lett Cast in green sand as in 

diameter test bat Etched in aque 

ous solution containing 10) per cent 

HNO, and about 1 per cent Hi 

Hard constituent is CuAlL in matriy 
Photomicrographs by ol aluminum containing small 
Research mount of copper in solid solution 


Laboratories, Magnification 750 X 


Cleveland, Ohio, 
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IS USED- - 
THERE ARE 
NO 
BANDED 
STRUCTURES. 


Write for Bulletin No. A-5. 

It is a chart showing 

STRUCTURES, INCLUSIONS 
and 


PHYSICAL PROPERTIES 


of 
DENSITE REFINED STEELS 
of various carbon contents 
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withstand drastic quenching. They are obtain- 
able from your REGULAR source of supply. 
Write TE REFIN into your 
specifications. 


DENSITE CORPORATION OF AMERICA 
CLARK BUILDING + PITTSBURGH, PA. 
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According to Masakichi Oya 


This diagram is the result of studies from 1926 to 1930 at Imperial 
Japanese University, and corresponds to the facts reported in a series 
of five papers in Science Reports of that University. 

It was forwarded by Dr. Honda in his current letter from Japan 
printed on page 114 of this issue of Mera Progress. 
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NEW TEXT BOOKS 


on aluminum metal working... 
do you want one or all three?.. 


This 


This 


This 


Book tells 


It gives particulars on cold driving of 
aluminum rivets, heavy hammer and 
high pressure aluminum riveting; 
spinning and light hammer method of 
aluminum riveting. It discusses the 


how to Rivet Aluminum 


pros and cons of punching versus 
drilling rivet holes. It deals with 
many other technical points about 
the riveting of aluminum—gives facts 
that you will be glad to have. 


Shall we send you a copy of this one? 


Book tells how to Weld Aluminum 


It gives information on torch welding 
of aluminum. It discusses the welding 
apparatus used for aluminum weld- 
ing. It gives a table of the approx- 
imate size of tips and relative gas 
pressures to use in welding aluminum 


of different thicknesses. It gives six 
pointers on flux. It supplies data on 
the tensile strengths of welded and 
unwelded aluminum tubing—all this, 
and lots of other useful material, is 
crammed between its covers. 


Shall we send you a copy of this one? 


Book on Aluminum Screw Machine 


This book will give you the tensile 
strengths and yield points, compara- 
tive weights, etc., of screw machine 
products made of Alcoa Aluminum, 
as opposed to those of old-fashioned 
metals. You will also find a complete 
list of available sizes of aluminum 


screw machine products—sizes that 


Products will probably be an eye opener to you 


are in stock at all times. Alcoa Alu- 
minum Screw Machine Products are 
serving in the following fields, among 
others: Aircraft, Automotive, Elec- 
trical, Radio, Optical, Refrigeration, 
Measuring and Recording Devices, 
Washing Machines, Oil Rectifiers, 


Dental and Surgical Instruments. 


Better let us send you a copy of this one! 


ALCOA ALUMINUM 


} ALUM!NUM COMPANY of AMERICA | 
| 2501 Oliver Building, prrtspuRGH, PENNSYLVANIA | 
| Please Ser d the ay Oks cl ec ked: 
| “THE RIVETING OF ALUMINUM” j 
| “THE WELDING OF ALUMINUM” | 
| “SCREW MACHINE PRODUCTS OF ALUMINUM” [1] | 
| | 
ls 
| | 
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T has been long recognized by leaders of in- 

dustry that much is to be gained by coop- 
eration in certain lines of work. To eliminate 
competition may be to court disaster; but, 
where competition can effect no good, it is recog- 
nized more and more clearly that cooperation 
is not merely desirable but almost imperative. 
Especially is this true when investigating and 
standardizing materials employed in the manu- 
facture of engineering equipment. This ac- 
counts for the successful efforts already made 
by engineers to standardize tests on materials 
which they intend to use in the construction of 
various devices, and to specify the properties 
required in these materials. 

Sooner or later, two questions present them- 
selves to those interested in the problem of 
standardization: “Are the present standards 
good for all time?” (which is most unlikely) 
and, “Are the materials specified for a particu- 
lar service the best that can be obtained for 
that service?” In order to answer these ques- 
lions, particularly the latter, individual firms 
of courage and enterprise have organized re- 
search departments for the purpose, among 
ther things, to investigate new materials and 
processes and develop new fields in both pure 
nd applied science. Without question, these 
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Research 


Essential for 


Small Enterprises 


firms have benefited by the scientific investiga- 
tion of new ideas. It is utterly impossible, even 
for these firms, to estimate the returns made 
for the money expended; such values cannot 
be measured, as they have to do not merely 
with the financial but with the moral effects 
produced within these organizations through 
the improved methods successfully applied in 
practice. 

It is natural that the larger organizations 
should have been the first to enter this field, and 
equally so that many smaller concerns should 
have envied the results obtained through the 
organized efforts of skilled scientists and 
trained minds. Some of the more forward-look- 
ing of the smaller manufacturers have proposed 
to their competitors the possibility of coopera- 
tion with the view of eliminating such waste as 
results from needless duplication of effort. 
Many examples of cooperative effort along these 
lines could be cited. 

Every firm eventually lives or dies, accord- 
ing as it does, or does not, produce goods 
deemed worth the money paid for them by the 
user. Hence, the efforts 
made by many arms, By O. W. Ellis 
not merely to investi- 


gate new materials 
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and processes, but to apply scientific thought to 
the problems of production. So far, no one has, 
I believe, ventured to suggest that cooperation 
This 


still remains a field wherein competition is felt 


along these lines is of vital importance. 


to be of real value. 

However, competitive research into the fun- 
damental characteristics of materials is recog- 
nized as undesirable even by the largest organ- 
izations. And certainly the smaller firms can 
but choose to unite for the purpose of conduct- 
ing such investigations as are likely to improve 
their product or to eliminate waste and unnec- 
essary effort. 

For many years, groups of manufacturers in 


Great Britain have received governmental sup- 


Ontario Research Foundation is Already Housed in a 
Beautiful Building, Two Stories in Height. It is so 
arranged that it eventually may be doubled in height, 
thus providing four floors each with approximately 
180 by 75 ft. available for laboratory space. The other 
views show some of the equipment provided for met 
allurgical research, In one room are homo, anneal- 


SO 


The Britis] 
Non-Ferrous Metals Research Association an 


port in their cooperative research. 


the British Cast Iron Research Association ars 
outstanding examples of the type of organiza. 
tion referred to in the above paragraphs. 

We do not need to go across the ocean for 


examples. Some two vears ago, the Provinces 


of Ontario, Canada, inaugurated the Ontario 


Research Foundation, Premier Howard Fer- 
guson having obtained the consent of the pro- 
vincial legislature to carry out research work 
having the following purposes: 
(a) The improvement and development of 
industry by the 


vanced methods and processes; 


introduction of ad- 


(b) The discovery and better development 


ing, globar, and high frequency furnaces. Machin 
Shop contains lathe, shaper, milling machine, drili 
press, untversal grinder and auxiliary small tools. 
Vechanical testing laboratory has 50,000-lb. universa 
machine, fatique testing equipment, impact machine 
and various hardness testers. A long room, two stories 
high, commanded by a crane, houses large equipment 
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of the natural resources of the Province 

and the utilization of the by-products 

of any process dealing with the mineral 

or timber resources; 

The improvement of agricultural in- 

dustry and farm life; 

d) Scientific investigation of 
parasites in animal or vegetable life. 


(he Government promised to match dollar 

ih dollar, up to a certain limiting amount, 

ith such industrial organizations within the 
Province and such public-spirited individuals 
is desired to contribute to these objects. A total 
reserve of over 33,800,000 is set aside. 

In the fall of 1928, the Ontario Chapter of 
the American Society for Steel Treating ap- 
pointed a committee to confer with Director 
Speakman concerning the formation of a met- 
allurgical division. These deliberations resulted, 
on the one hand, in the appointment of the 
writer as director of metallurgical research at 
the Foundation and, on the other hand, the or- 
vanization of what is now known as the On- 
tario Metal Industries Research Association. 

This organization has now about 60 mem- 
bers. Each subscribed to the association 
according to a scale decided by an appro- 
priate committee. At the moment, the prob- 
lems of individual members within the asso- 
ciation are brought to the attention of an Ad- 
visory Research Committee, which decides the 
problems meriting prior attention and likely to 
be of most value to the membership as a whole. 
Some of the questions brought to the metallur- 
vical division may be answered so readily as to 
necessitate no reference to the Advisory Re- 
search Committee, and in this respect a certain 
amount of discretion is left to the director. 

So much for what might be termed the every- 
day problems which arise during the manufac- 


ture of metals. There are, as well, problems of 


disease or 


wider interest, such as the investigation of al- 


loy systems to determine the characteristics of 
the system as a whole, and the particular char- 
acteristics of individual alloys in the system. 
Work of this nature is already being carried 
out by the metallurgical division. The infor- 
mation obtained will be available to all mem- 
bers of the association, and it is likely that the 
results will be made public. 

Here, then, we have a brief story of the or- 
ganization of a scheme of cooperative research 
which is being carried out successfully in the 
Dominion of Canada. One point may be re- 
ferred to in closing. It is becoming increas- 
ingly clear that the membership of the Ontario 
Metal Industries Research Association must of 
necessity be grouped in accordance with those 
particular metallurgical investigations in which 
they are primarily interested. Such natural 
groups as readily come to mind are: a cast iron 
group, a group interested in alloys for use at 
high temperatures, a steel treating group. While 
the information obtained through investigations 
carried out for each of these groups would be 
primarily of interest to members of each group, 
it will naturally be available to members of the 
Association as a whole. So far the situation has 
not required such grouping. 

The method of approach described above has 
What 


is adaptable to Ontario might not, of course, 


in the main proved quite satisfactory. 


be desirable for other parts of the world. Par- 
ticularly is this likely to be the case where 
bodies larger than those described above are 
created. The smaller the parent association, 
the fewer the members vitally interested in any 
particular type of problem. The converse is 
true of the larger groups, hence the likelihood 
of its being necessary to divide them, when 


they exist, into smaller ones. 
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‘ Fitting a Small Diamond into the Shank of a Platinum and Star Ruby 


Ring. The diamond is first set tightly in a depression which has bee: 
carved in the platinum. So that the stone will not fall out, the jewel: r 
is forming beads of metal to act like claws and hold the diamond 
place. The tool he is using, 4 “bull sticker’, has a cup on the end | 
mold into beads the metal he pushes up. Larger stones are often litt 
into bezels, collars or cups of whatever metal is used for the particu! 
piece of jewelry. The bezels are then soldered into plac e. When gen 


are secured by prongs they are said to be in a Tiffany setting. 


— 
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N PREHISTORIC AGES men fashioned ar- 

ticles, some useful, others merely shapely, 
from chunks of soft vellow metal. The metal 
was gold; the men, the first metal workers. 

Gold happened to be the first metal which 
man worked because it was found in nuggets in 
stream beds — the earliest roads — and was soft 
enough to vield even to the insistence of the 
stone hammers and edged tools of bone then 
available. Though too soft and too rare for 
utilitarian use, gold has never lost its position 
as the king of beautiful metals. 

The modern worker in gold is an artist, a 
craftsman and a metallurgist. He realizes the 
inherent beauty of the metal, has skill to inter- 
pret its beauty with his hands and knows the 
secrets of hardening and coloring it to preserve 
his work in original perfection. 

In Cleveland at the Potter-Bentley Studios, 
men design and execute gold into beautiful 
jewelry. In making fine rings, pins, necklaces 
or bracelets, they have found it advisable to 
mass production in 
Modern 


forget the economies of 

favor of individuality and artistry. 

equipment has its place— electric drills and 

scientifically designed melting furnaces have 
oved dependable and eflicient — but the men 
the studios guide the drills through a single 

)cce of gold, silver or platinum, and melt only 
W ounces of metal in a heat. 


he metals of industry — iron, steel, alumi- 
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num, zine, lead and all the rest — are, of course, 
variously alloved. But the purpose of an iron- 
tungsten-carbon alloy is not added beauty but 
increased usefulness, and whether a duralumin 
girder looks more attractive than an aluminum 
one is not a weighty question with the designer 
of rigid airships. On the other hand, those who 
love and buy fine jewelry do not worry about 
gold’s tensile strength or Brinell hardness, but 
they are much concerned about its appearance. 

Women influence the selection of fine jewelry 
even more, perhaps, than they do the selection 
When a 


man buys jewelry, it is seldom for himself, al- 


of automobiles, pianos and radios, 


most always for a lady, and if he is wise he will 
not disregard colors in choosing between two 
equally beautiful designs for a dinner ring. 

His field of color selection is wide, for there 
are gems of almost every shade, and the jeweler 
is prepared to melt for him a precious metal of 
whatever color is needed to show off the stone 
to best advantage, and still harmonize or con- 
trast perfectly with the complexion of the lady 
who will wear it. 

Since color is so important in jewelry metal, 
men who make fine jewelry must know some- 
thing about metallurgy. What would be the use 
of a man buying the most beautiful brooch in 
all the world if its color did not suit the wearer? 

The Potter-Bentley craftsmen melt the four 


distinctly colored alloys of gold usually en- 


Alloying 
| 


countered, namely, red, yvellow, green and 
white. They also can vary the composition 
slightly to get just the right shade in between to 
suit some customer. Golds from 8 to 18 carats 
in purity are most generally used, a carat of 
gold being .',th part of the weight of the alloy. 
Pure 2t-carat gold is too soft for jewelry, so the 
alloving metals, copper silver, serve the 
double purpose of hardening and coloring. 
Yellow gold approaches most nearly the color 
of the pure metal. Brunets like the effect of 
the contrast between their dark hair and the 
sunny brilliance of the gold itself. Most bru- 
nets do not know, however, that the 14-carat 
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Forming a Bracelet 
with a Rawhide 
Mallet. The mallet 
does not scar or 
scratch but is hard 
enough to curve 
the bracelet into 
proper shape 


No Tonnage from 
this Foundry. 
Slightly over four 
ounces of gold are 
being cast into an 
ingot, The gas 
fired melting fur 
nace ts shown at 
the right 


vellow gold in their jewelry has 6 parts of cop- 
per and 1 of silver mixed with 14 parts of fin 
gold. 

Warmer and richer in color than the yellow 
is red gold, chosen by many of the fair haired 
and light complexioned. This gold contains no 
silver, just pure copper and fine gold. Its deli- 


cate ruddiness pleases the connoisseur of colors. 


jewelers say. A 14-carat red gold has the stated 


11 parts of pure gold and 10 parts copper. 
Thousands of brown-eved women whose hair 

is medium or dark brown prefer a greenish 

tone. The whiteness of platinum or white gold 


does not become them, they have told ther 
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elers. as much as the softer but more defi- 


shades of green golds. So there is a steady 
yand for beautiful ornaments made of 14 
rts fine gold, 8 parts fine silver and 2 parts 
pper. White diamonds loose no sparkle in 
ch settings; topazes, aquamarines and other 
wels in pastel shades take on added attrac- 
veness. 

For some time, though, white metals, carved 
ud chased, have been the favorites. They 
probably gained popularity as a reaction to the 
little-relieved simplicity of vellow and red gold 
jewelry, the favorite of the older generation. 
Diamonds set in platinum or white gold show to 
vreat advantage, as do rubies, sapphires, emer- 
alds and other gems of vivid color. 

Platinum, alloved with either 5 or 10 per cent 
of iridium, is the most expensive and the most 
generally demanded of all jewelry metals in use 
today. Iridium must be added to harden pure 
platinum, even though it is the more expensive 
of the two. For some reason not even known 
to jewelers, platinum to which 5 per cent iri- 
dium is added is called a 5-per cent platinum 
alloy; 10 per cent iridium makes a 10-per cent 
platinum alloy. Both the 5- and 10-per cent 
allovs are difficult to cut with edged tools. The 


tool digs in, and instead of a long smooth chip 
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‘er Bowls are First 
n, then Finished with 
nmers. When the plan- 
ng hammer, shown 
has done its work 
bowl will be ready for 
inal smoothing and 
polishing 


curling back over the tool, little slivers are torn 
out, leaving a rather rough cut which must then 
be smoothed. 

White gold is frequently used instead of plat- 
inum because of its lower cost. Until very re- 
cently, the formula and manufacture of white 
gold was looked upon very much as a secret. 
Jewelers did not, nor do they now as a rule, 
melt their own white gold. The process is com- 
plicated and adequate service can be secured 
from big manufacturing jewelers. 

It is an alloy of nickel and fine gold, the nickel 
content running as high as 19 per cent and as 
low as 11 per cent. It is very tough and hard to 
work with hand tools. It can be stamped rapidly 
and easily, however, which accounts for the 
number of white gold rings exhibited at ridic- 
ulously low prices in pawn-shop and third rate 
jewelers’ windows. 

Sterling silver has lost much of its pristine 
prominence as a metal for personal jewelry, but 
is still in demand for flat ware, bowls, orna- 
ments and the like. The word “Sterling” on a 
piece of silverware certifies that the silver is 
99.25 per cent pure and that a maximum of 0.75 
per cent copper has been added to make the 
metal hard enough for service. 

Potter-Bentley Studios melt their own alloys, 
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except white gold, in gas fired furnaces just 
large enough to hold one little four-ounce cru- 
cible. The ingot molds are shaped to produce a 
Nat slug which can be conveniently cold rolled 
into sheet or strip from which almost every 
kind of fine jewelry is built. Melting is a rather 
simple operation since the various metals are 
bought in the pure state and need no refining. 
Gold and silver are melted under a powdered 
borax flux to prevent oxidation, but the flux is 
not necessary when platinum is melted. The 
latter, of course, requires a very high heat. 
Fabrication of attractive pieces of jewelry 
may not be measured in hundreds of pieces per 
day, but it is by no means slow. When a man 
decides to give his sweetheart an engagement 
ring, he calls at the studio and describes the 
ring he has in mind. If he cannot find his ideal 
in the display of rings made at various times for 
over-the-counter sale, designs are drawn ac- 
cording to his specifications. The design finally 


chosen may be, for instance, a green gold ring 
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Many Rings Have a Hundred Pieces. Separat 

parts of the ring are soldered in place wit 

this torch. Care must be taken that previous! 
soldered pieces are not melted 


into which are set two fairly large whit: 
diamonds with four much smaller brow: 
diamonds as part of the decoration. 

The proper alloy of 8 parts silver, 2 
parts copper and 14 parts fine gold is 
then melted, cast and rolled into a sheet 
of green gold about ,',-in. thick. A ring 
blank is cut from the sheet as the first 
step in forming the band and shanks. 
The band runs around the under side of 
the finger and the shanks are the sides 
of the ring. 

The number of gems in this ring and 
the intricacies of the setting may mean 
that the finished ring will be built up 
from nearly a hundred separate pieces. 
Metal for the table or top side of the ring 
is next cut from the original sheet. The 
table will hold the two white diamonds 
and two of the coffee-colored ones. Each 
stone must be fitted into a metal collar or bezel, 
which is then soldered into the hole which has 
been cut for it on the table. A modern leaf and 
flower motif completes the table. Most of the 
details are carved and shaped from the origina! 
sheet, but the low relief work is cut into the 
table itself with line gravers and scorpers, both 
of which are hand tools used for general cary 
ing and engraving. When a brown diamond is 
set into each shank and the carving and build- 
ing up of the shank design is finished, the ring 
is complete. 

Despite the necessary number of manual op 
erations, this ring can be worn in less than ten 
working hours after the design is approved and 
the diamonds secured. 

Investment in automatic or semi-automati 
machinery would return little profit to a sho) 
with an ideal of having each piece of jewelr 
different from the ones which have been mad 
before. People are not alike, and jewelry shoul: 


be personal to the man or woman who wears | 
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Continuous 


itriding 


A 


ASE HARDENING steel by nitriding has 


been developed as an intermittent or 


hatch type process. Separate lots of metal in 
a special container are treated with ammonia 
gas for the required time; the whole cycle is 
completed before another lot is started. Com- 
mercial developments have followed along the 
same line and the furnaces being used apply 
different modifications of the batch type proc- 
CSS, 

At the Cleveland meeting of the American 
Society for Steel Treating in 1929 attention was 
called to this fact and the desire was expressed 
that a continuous process might be developed. 
Since it was thought that this would be a dis- 
tinct contribution to progress, the matter was 
studied in the laboratories of Surface Combus- 
tion Co., Ine., Toledo, Ohio, and some very un- 
usual results have been obtained. 

As a result of this work, there has been de- 
veloped process for continuous nitriding 
Which has many interesting features and which 
will be described below. Suitable equipment 
has also been devised to carry out this process, 
ind it is now offered as a contribution of the 
furnace manufacturer to the nitriding art. 

\s the art is practiced at present, two differ- 
col types of heat ceveles are being used for in- 

mittent nitriding. Either a low temperature 
By evele of about 900 deg. Fahr. 
or a high temperature cycle 
of about 1150 deg. Fahr. is 
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used, separately or in different combinations. 
Sometimes, the low temperature treatment is 
given first, followed by one at high tempera- 
ture; and at other times, the high temperature 
is used first and then a low temperature. Gen- 
erally speaking, nitriding at low temperature 
produces maximum hardness, while high tem- 
perature produces maximum penetration. 

The low-to-high cycle seems to be designed to 
produce first of all a case of maximum hardness 
which is caused to diffuse and penetrate by a 
The 


high-to-low cycle aims to produce maximum 


subsequent heating at high temperature. 


penetration at first, with subsequent diffusion. 

Those metallurgists who use these different 
cycles have definite reasons for their choice and 
the writer has no thought of entering into a 
discussion as to the relative merits of either 
method. As a matter of fact, the new contin- 
uous process for nitriding may be used with 
any heating cycle desired. 

To carry out this continuous process the Sur- 
face Combustion Co., Inc., has developed two 
furnaces, one of which is shown in general out- 
line in the sketch. This consists of a metal 
muffle, continuous throughout the furnace. The 
latter is fired from both sides by gas burners 
arranged so as to be under accurate pyrometric 
control. By this means definite temperature 
zones can be maintained as desired. The ends 
of the muffle are encased in a metal hood and 


the work to be nitrided is brought into the 
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muffle on a tray through a liquid seal. A pusher 
arm operating on the inside of the seal moves 
the work progressively through the furnace. A 
similar arrangement at the discharge end re- 
moves the completed work. The trays are car- 
ried above the floor of the muffle so that am- 
monia may be admitted both above and below 
the trays and forced through the muffle in the 
same direction as the work. <A suitable dis- 
charge and seal is arranged for exhaust gases. 

A second furnace, not shown in detail, con- 
tains an alloy pan conveyor arranged to operate 
continuously through suitable seals. The alloy 
used is of a correct analysis to operate under 
these conditions. 

The outstanding merit of this process is that 


the nitriding operation itself is continuous, for 


35 per cent of it is dissociated in order to obtea 


proper nitriding. The reason for this is that 
hydrogen as well as nitrogen is liberated wh.» 
ammonia breaks up, and if more hydrogen than 
that represented by 35 per cent dissociation js 
present in the gaseous mixture, it has a decar- 
burizing action on the metal being treated. De- 
carburization prevents the best nitriding resul(s. 

In order to get the best and hardest cases })y 
this type of process, the gases must be thor- 
oughly agitated in order to sweep away from 
reacting surfaces any high concentration of hy- 
drogen. The reason for agitation is not so much 
to bring ammonia into contact with the work 
as it is to keep hydrogen away from new metal 
surfaces. 


It is therefore necessary to effect a compro- 


Work 
Ammoma Inlet. ~ Ammonia Outlet 
Ammonia Inlet | | Seal 
Charge End Hp | | 
| | Discharge End Foor line 


\ Width, 4 ft. 9in 


the metal surfaces under 
treatment are being con- 
tinuously exposed to am- 
monia of the degree of 
dissociation suited to the 
temperature of the work. 
Ammonia samples taken 
at different points along 
the muffle have indicated 


Motor for Pusher 
for Pushe: Width, 6 Ft. 6in 


A Furnace for Continuous Nitriding Consists 
Essentially of a Long Muffle, Placed in an 
Appropriate Furnace Setting, and Through 
Which the Work Can Be Pushed or Carried 
at a Controlled Rate. Air locks or seals are 
necessary at both entrance and exit in order 
that the ammonia gas may be imprisoned. I} 
the furnace is of correct length and the burn- 
ers properly set, the advancing metal under 
treatment automatically” passes through the 
correct cycle of temperature and nitrogen 
concentration to acquire a hardened surface 
of desired characteristics in the minimum 
time and at lowest cost. 


mise between hydrogen 
concentration and = am- 
monia dissociation which 
will work satisfactorily. 
Unfortunately this com- 
promise means a loss of 
60 to 70 per cent of the 
nitriding medium, and 


this adds appreciably to 


a progressive dissociation 

towards the outlet end. 

It is apparent that this is a matter of greatest 
importance, and it will be considered later in 
more detail. 

The operation of the batch type and of the 
continuous process is fundamentally different 
because the requirements of the outlet gases 
are so different. 

In the intermittent process, it is necessary to 


draw off ammonia at such a rate that only about 
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the cost of the operation. 

Unfortunately, also, this 
means that full strength ammonia is never ip 
contact with the new metal surfaces. 

In the continuous process, ammonia enters 
the reaction chamber along with the work and 
travels in the same direction as the work during 
the entire operation. By this means, the new 
metal surfaces can come into contact only with 
full strength ammonia which exerts its full 


it 


nitriding power on the metal at a time whe! 
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ost susceptible to its action, and without any 


rdation from excessive hydrogen decarbu- 
tion. For this reason it is not necessary to 


tate the gas to prevent decarburization. 


Economical Use of Ammonia 


1c flow through the muffle can be regulated 

, that the ammonia escaping at the outlet will 
e broken down to any desired degree. The 
rocess furnishes an automatic protection from 
the action of excessive hydrogen, as will be 
shown in more detail later, and therefore as 
much as 8 to 90 per cent of the ammonia can 
be dissociated before reaching the end of the 
muffle and still produce excellent nitriding. 
this is due to the fact that the free hydrogen 
resulting from the chemical reactions cannot 
come into contact with new metal surfaces in 
high concentrations, since the gas is flowing 
through the furnace in the same direction that 
the work is moving. 

Experiment has shown that hydrogen has 
little action on a nitrided surface. It is objec- 
tionable only when it reacts with new metal 
surfaces by decarburizing them. It will be seen, 
therefore, that by the continuous method of 


nitriding it will be possible to bring full strength 
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Undissociated Ammonia Gives 
the Hardesi Nitrided Case 


ammonia directly to the metal surface being 
treated, and to use all the ammonia admitted 
to the system without danger of decarburization. 
A description of tests leading up to the devel- 
opment of this process will now be given, large- 
ly as captions to curve sheets. 
The first chart shows the hardness-penetra- 


tion curves of a nitriding steel after exposure 


to ammonia maintained at a constant degree of 

dissociation through each test. These tests were 

- run in a five-tube laboratory furnace in which 

1000} Fis < the outlet gas from one tube was introduced 

7 sociation in each tube, varying 

Dssocialed at.54) from 9 per cent in the first tube 

| at 900 deg. Fahr. was 48 hr. 

S -—+ \ Results confirm the propriety of 

400 \. the usual practice of drawing 

Yong 78 off the ammonia in a low state 

, of dissociation. It is evident 

200 4 that when bare steel is exposed 
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Figure 2 


est Surface Hardness Is Produced By Starting With Relatively 
Pure Ammonia at a Low Temperature, and Increasing Both 


N to ammonia dissociated much 
S over 90 per cent, the results are 
not satisfactory. 

Results obtained by nitriding 
under conditions of variable dis- 


sociation are shown in the sec- 


Dissociation and Heat as the Action Progresses. 
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ond chart. In these experiments the dissocia- 
tion was changed continuously throughout the 
run, in one case varying from high to low 
and in the other from low to high. Two tem- 
peratures were used, namely, 1150 and 950 deg. 
Fahr. It is a significant fact that each time the 
dissociation started at a low percentage and 
increased, the results were much better than 
when the opposite conditions prevailed. This 
chart is of particular importance to show the 
direction of gas flow best suited for continuous 
nitriding. If the ammonia is introduced into 
the muffle so as to run parallel with the incom- 
ing work, the ammonia dissociation as it comes 
in contact with the work will vary from low to 
high. That is to say, the surfaces to be nitrided 
will be first acted upon by the most powerful 
nitriding gas and later by the more highly dis- 
sociated gas. 

It is well to point out that highly dissociated 
ammonia is made up of considerable hydrogen 
whose decarburizing power is notorious. Many 
investigators have called attention to an unsat- 
isfactory nitrided surface resulting from exces- 
sive decarburization. Our results confirm their 
findings in pointing out the danger of inferior 
work when highly dissociated gases react with 


new metal surfaces. 


Rich Ammonia At Start 


Evidence is very convincing that the ammonia 
must move in the same direction through the 
muffle as the advancing work, that is, the dis- 
sociation must vary from low to high. This 
will bring the rich nitriding gas into direct con- 
tact with new metal and avoid any danger from 
decarburization. For this reason we have 
adopted in our continuous process, as an essen- 
tial idea, the practice of causing the ammonia 
gas to flow parallel with the work. Later charts 
indicate that if, in the work recorded on this 
chart, we had started with dissociations of still 
lower values, the cases would have been still 
better. 

Mention has been made of the fact that the 
subsequent action of free hydrogen on a prop- 
erly nitrided surface is not objectionable. This 
is shown in detail in Fig. 3. In this test a 
specimen that had been nitrided was exposed 
to the action of hydrogen at a temperature of 
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1150 deg. Fahr. for 36 hr. The piece was slight y 
softened, as shown by the curves, but the effet 
is no greater than if the piece had been heat«( 
for the same length of time in a neutral atmo.- 
phere. This points to the fact that a surfa 

which has been nitrided is protected from sul)- 
sequent softening by the hydrogen in a high), 
dissociated ammonia gas. It also indicates the 
fundamental difficulty with the batch type proc- 
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Figure 3 
Long Heating in Hydrogen Does Not 
Soften a Properly Nitrided Surface 


ess, since it is impossible to avoid the action of 
hydrogen on new surfaces. Agitation of the 
gases is only a palliative. 

Figure 4 presents the results of some work 
with different heat cycles. We adopted two 
temperatures, 1150 deg. Fahr. and 950 deg. Falir. 
for this study, 4 hr. at each heat. The two lower 
curves show what is possible by the betch type 
process where a constant ammonia dissociation 
of 30 per cent is maintained with different heat- 
ing cycles. When the higher temperature re- 
actions are given first, the steel has a lower 
surface hardness. These two curves are 1)- 
cluded for comparative purposes, and indica!¢ 
what we were able to do by the batch type proc- 
ess with constant dissociation and short heating 
cycles. 


The same chart presents the results obtain d 
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, the first attempt to nitride continuously 
commercial manner. This work was done 

uur laboratory in a small sized unit, for a 
‘tomer who needed some results in a hurry. 
ammonia dissociation at the outlet of the 

Me was 90 per cent and the total time 16 hr. 

« single curve is an average of a number of 
sts, all about alike. A duplex cycle was used 
ry this work which consisted of 8 hr. at 950 

deg. Fahr. and 8 hr. at 1150. 
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Figure 
Continuous Nitriding for 16 Hours Gives 
Superior Surface Hardness and Penetration 


It is interesting to compare the curves on this 
sheet. An &-hr. treatment with a constant am- 
monia dissociation of 30 per cent gave very poor 
results in comparison with the 16-hr. continuous 
process. Comparison can also be made with 
rig. 1, for a 48-hr. cycle. Results with contin- 
uous nitriding {top curve of Fig. 4) for 16 
ir. with an ammonia dissociation at the outlet 
of 90 per cent are superior to those obtained 
by any constant dissociation (Fig. 1) main- 
tained for 48 hr. This is strong proof that the 
lew process is scientifically sound. 

‘he next question that naturally arises is 
“Would better results be obtained if, in the con- 

ious process, we were to maintain a lower 
(ssociation at the outlet say 40 per cent, 
ier than 90 per cent?” To investigate this 


ler, some work was done using the same 
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heat cycle for each test but changing the disso- 
ciation. These results are shown in Fig. 5; the 
two curves are so nearly alike as to be almost 
indistinguishable. The work was repeated at 
higher temperature with similar results. 

This points to a conclusion of great practical 
value. It shows that the ammonia may be used 
completely in this process without danger of 
impairing the work. Such practice is impos- 
sible by any other method, as is shown by ref- 
erence again to Fig. 1, where ammonia, disso- 
ciated 62 per cent, gave very poor results in a 


batch type process. 


Correct Temperature Cycle 


After deciding on the degree of dissociation 
desirable for continuous nitriding, a study was 
made of different heat cycles to determine 
which one would give best results by this proc- 
ess. It would seem that a gradual increase in 
temperature from the inlet to the maximum 
temperature desired would be more in harmony 
with progressive dissociation of ammonia and 
the continuous nitriding reaction than the re- 
verse. If the highest temperature were met at 
the beginning, there would immediately be a 
very rapid ammonia dissociation at the inlet, 
which would no doubt be too rapid for all the 
nitrogen to be absorbed by the metal. The de- 
creasing amount of ammonia dissociating dur- 
ing the subsequently decreasing temperature 
would not assist in further nitriding, so that the 
ammonia would not be used to good advantage 
even though it were completely dissociated at 
the outlet. To prove this point a third line is 
shown in Fig. 5 which plots the results ob- 
tained when the high temperature treatment 
was given first, and a dissociation of 90 per 
cent was maintained. It is evident that the low- 
to-high temperature cycle produces best results 
when used for continuous nitriding. 

The character of case desired determines the 
arrangement of the heat zones. In this regard 
the continuous method is particularly flexible. 
A very hard case may be produced by length- 
ening the low temperature zone with the conse- 
quent shortening of the high temperature zone, 
whereas a tough case with greater penetration 
may be produced by placing the high tempera- 
ture zone first and the low temperature zone 
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last in the evele. By varying these zones, both 
as to their order and relative length, it will be 
possible to obtain any particular result that may 


be desired. 
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Figure 5 
Ammonia Can Be Entirely Consumed 
Before it Must Be Discharged From 
Continuous Retort 


It is believed that the continuous nitriding 
system is alone in possessing these features and 
that by these means many of the present erratic 
We look 


forward with much interest to subsequent de- 


results may be completely avoided. 


velopments along these lines, for by these means 
the metallurgist is now given a control over the 
process heretofore unapproached. 
These results may be summarized as follows: 
(1) The batch type process cannot produce 
satisfactory work with an ammonia dissocia- 


tion greater than 50 per cent. 


(2) This is due to high hydrogen concentr 
tion, which causes excessive decarburization. 
(3) High hydrogen concentration does not a 
fect a previously nitrided surface; therefor: 


if nitriding is conducted so as to bring nothi: 


but fresh ammonia into contact with new met: 
surfaces the danger of high hydrogen is elim:- 
nated. (By “new metal surfaces” is mea: 
those intended for nitriding.) 

(1) This can be done only by continuous 
nitriding, where the ammonia moves along tl) 
This 


fact forms the basis of the continuous process 


muffle in the same direction as the work. 


Economics of Continuous Operation 


(5) By this means it is possible to use almost 
all of the ammonia admitted to the system. A 
dissociation at the outlet of 90 per cent is good 
practice. 

(6) An arrangement of successive tempera- 
ture zones that may be easily controlled makes 
it possible to obtain different types of cases at 
will. 

(7) Considerable time is saved by this proc- 
ess. Work done in 16 hr. compares favorably 
with that done in 48 hr. by usual methods. 

(8) The consumption of ammonia is very 
much reduced with the consequent saving in 
this item of cost. 

With the development of this process and of 
the means to carry it out we feel that the fur 
nace industry has met the challenge for better 
equipment in a satisfactory way. The search 
for better equipment has required a further 
study of the fundamentals. As usual, this has 
uncovered the weak places in the current art, 
so that along with this better equipment can ly 
offered an improvement in the nitriding ar! 


that indicates a distinct step in advance. 


YS 
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Recent Experiments 


with Gaseous Cements 


with 


NE of the most interesting papers read 
before the twelfth annual convention of 
the American Society for Steel Treating, held 
last month in Chicago, was by Messrs. O. J. 
Wilbor and J. A. 
some of their recent experiments on the effect 


Comstock, and recounted 


gases on steel 


of various gases and mixtures of 
al furnace temperatures. 

They point out that the reactions between a 
gas and hot steel vary with the temperature 
the the 


At heat treating temperatures and atmos- 


and pressure or the concentration of 
OAs, 
pheric pressure, hydrogen and carbon monox- 
ide will deoxidize steel, and consequently, are 
useful for bright annealing; however, hydrogen 
will also decarburize high carbon. steel, but 
pure carbon monoxide generally is a carburizer. 
Oxvgen, carbon dioxide and steam form scale 
on steel and also decarburize it at temperatures 
above the critical point. Nitrogen is neutral. 
Methane and other simple hydrocarbons partly 
bre 


ik down into carbon and hydrogen and con- 


sequently may either decarburize or carburize, 
depending on circumstances. 


‘| does not follow that mixtures of simple 
gases will act the same in the presence of other 
sescs- as they do alone. The result will depend 
number of factors, among which the au- 
note: (1) the volumetric ratio of the com- 
it gases; (2) 


temperature; pressure; 


( er. 


1930 


(1) rate of flow; (5) character of the compo- 

nents; (6) kind of metal being heat treated. 
How these factors affect the decomposition 

such as propane, is 


of a hydrocarbon gas, 


discussed by the authors. They show that: 

(1) Decomposition results in a mixture of 
solid carbon, gaseous hydrogen, and unaffected 
propane. 

(2) Relatively more propane is decomposed 
as the temperature goes up, but relatively less 
at higher pressures. 

(3) Increasing the rate of flow generally in- 
creases the carbon deposition. 

(1) Adding hydrogen, carbon dioxide, oxy- 
gen, or steam to the hydrocarbon will decrease 
the deposition of carbon. 

(5) Carbon monoxide, added to the hydro- 
carbon gas, will increase the carburization. 

The authors recommend pressures of about 
1) Ib. per sq. in. This slows down the dissocia- 
tion of the hydrocarbons, and promotes a more 


uniform case on the steel when using less gas. 


Intermittent Surge Process 


A method known as the “intermittent 


process” is also useful for controlling the disso- 


surge 


ciation of hydrocarbons. The micros show the 
penetration (at 15 diameters) obtained in five 


steels after a series of runs of this nature. 
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Uniform samples of such steel were placed 


in a tube furnace, connections made to gas sup- 
plies and exit joined to an analytical train. 
Temperature was raised to the carburizing heat: 
- 1800 deg. Fahr., and the apparatus purged with 
wet CO, for 15 to 20 min. Into this atmosphere, 


Armco Iron 


which is a scaler and a decarburizer, were then 


admitted alternately dried propane gas and wet 
048. 020/ 


CO,. These admissions were made at a surge Gain 0203 O/6/ 


pressure of 6.4 Ib., and took only a few sec- 
onds. In this manner a turbulent flow at high 
speed was followed by an interruption of some 
minutes, which is a condition found best for 
‘carburizing by heavy hydrocarbon gases. 

The routine for test No. 166, for instance, 


SAE. 1020 


was an admission of 50 cc. of dry propane dur- 
ing 5 sec. and then a rest of 10 min. There- 


upon 30 cc. of wet CO, was admitted during 


Gain 


the short space of 7 sec. After a further lapse 
of 20 min. the second flow of propane was 
made, and so on. 

During the time that the atmosphere con- 
sists primarily of propane, a certain quantity 
of that gas breaks down into sooty carbon and 
hydrogen gas, the former of which is available 
for carburization. A continuous flow of butane, 
however, would form prohibitive amounts of 


Gain OQ/7 


soot and greatly interfere with the efficiency 
of the carburizing gas, even though the 
pressure (which counteracts this dissociation) 
were high. Consequently the hydrocarbons are 
periodically displaced by CO... During this time 
the authors believe that “the steel continues to 
diffuse the carbon from the surface inward, and 
at the same time the surface will be prepared 
by the secondary gas to be in a receptive condi- 


tion for the next surge of carburizing.” 


Quantitative Carburization 


Experiments are described showing that it is 
possible to carburize steel parts at a definite 
carbon concentration for a given case depth. 
Gases used were various mixtures of city 


gas with hydrogen, nitrogen, carbon diox- — 
ide, or dry flue gas. The furnace temper- Gain 0085 Olil O137 0168 O/55 O16 
ature was a constant: 1725 deg. Fahr., No. 163 /64 165 166 /67 /68 
and the time was usually 3 hr. Rate of 
flow was a variable. Cases produced were ‘Gas iyected| 50cc 50cc.| 50cc.) 100cc| 
hypoeutectoid, eutectoid or hypereutectoid, Hin.on (Op | 90 60 45 20 15 /0 | 


CO, iyected | 30cec. J0ce | 30cc.| | 


as desired. 
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NO, NOT COVERING THE WORLD 
NO, NOT MAKING EVERY KIND OF STEEL 


This unique mill located in Lockport, New York, covers ample of the earth’s surface 
for its purpose —just thirteen acres of land. Looking ot it another way, thirteen 
acres isn’t so small. Asa kid did you ever start out to hoe a thirteen-acre field 
of potatoes? @ Modestly we say we are not making every kind of steel. With 
equal modesty we say that the kinds we do make are the best of their kind. 
Beyond the requirements of the fabricating plants of the Simonds Saw and Steel 
Company we have a production capacity which permits us to offer special analysis 


steel sheets or bars to firms needing these higher grades of special steels. 


SPECIAL ANALYSIS STEEL 
MAGNET STEEL 
TOOL STEEL 


STEEL MILLS 


LOCKPORT N. Y. 
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Italian Industry 
Rapidly Developed 


[TALIAN metallurgical in- 
dustry, when compared 
with that of the other in- 
dustrial countries, shows 
very peculiar character- 


istics, both as to its pres- 


ent situation, and to the 
conditions under which its 
very rapid development is actually taking place. 

In order to comprehend this situation — which 
I expect to develop in subsequent letters — it is 
necessary to examine briefly the origins of 
Italian metallurgy. 

While technical progress and the commercial 
development of metallurgy have taken place in 
all other industrial countries concurrently with 
the progress and the development of — the 
mechanical industry (which is certainly the 
most important consumer of all typical metal- 
lurgical products) the Italian mechanical in- 
dustry had expanded to notable proportions 
and reached a high technical standard, long be- 
fore the very existence of any important metal- 
lurgical plant! 

The only exceptions to this general statement 
were the Terni armor plate works, and the gun 
factory erected in Pozzuoli, near Naples, by the 
British firm, Armstrong, Whitworth & Co. But 
these two works specialized strictly in’ the 
manufacture of armor plate and ordnance, and 
never supplied more than incidental and = ex- 
tremely small qualities of the raw materials 
and semi-finished products (such as pig iron, 
steel ingots, shapes, rolled bars, castings, sheets 
and tubes) required by Italian shipyards and 
machine shops. Consequently, we imported 
from other countries practically all the metallic 
‘aw materials and semi-finished products need- 
ed for machines, structures, tools, implements 
and utensils made within our borders. 

As a consquence of this peculiar situation, 
the first Italian metallurgical works to be 
erected had immediately to fight for their own 
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national market against the very strong com 
petition of the largest foreign metallurgical! 
concerns. These foreign competitors had long 
ago reached a very high degree of technical and 
industrial efficiency, and also had established 
very powerful commercial organizations in 
Italy, perfectly acquainted with the problems 
and personnel of the Italian shipyards and en- 
gineering works. 

Under such conditions, it is easy to under- 
stand what enormous difliculties were con- 
fronted by the new Italian metallurgical con- 
cerns, 

Perhaps the greatest of these difficulties arose 
from the necessity of developing their plants im- 
mediately to a very large size, in order to com- 
pete with foreign works on a price basis. Of 
course, the iron and steel producers in England, 
Germany and the United States had reached 
their present and full development only after 
many vears, during which they had had ampk 
opportunity to develop) and = improve thei 
plants, and gradually to form and instruct ex- 
cellent technical staffs, highly specialized in the 
different technical problems. 

The new Italian concerns could not start on 
a small output. In such an event, their costs ot 
production would have been too high to com- 
pete with those achieved in the foreign works. 
whose large production, sold on many markets, 
enabled them to sell in Italy at “dumping” 
prices (as they practically always did). Nor 
could the Italian steel industry limit — at least 
at the beginning — the number of their products. 
The Italian mechanical concerns, which were al- 
ready highly developed and specialized, would 
never leave the foreign sources of supply for th 
local ones, if the latter were not prepared 
supply them with practically all the products 
they required. 

In addition to these difficulties (and as a col 
sequence of them) the new Italian metal 1 
dustry was immediately confronted with at 
other serious problem of rapidly training @ 
technical personnel in proportion with the in- 
portance of the new works. (Cont. on p. 1) 
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pparatus 
for the 


Steel Treater’s 
Laboratory 


The Fisher Scientific Company provides the up-to-date and best 
suited equipment for laboratories specializing in the study of 
metals and the examination of metal specimens. 


Our instrument shop manufactures varied forms of testing instru- 
ments, such as Metallographic Grinders, Polishers, Polishing 
Alumina, Brinell Hardness Testers, Optical Pyrometers, etc. 
We are also, agents for Leitz Optical Bench Equipment and 
such other accessories necessary to the Steel Laboratory. 


On the staff of the Fisher Technical Service Department are 

engineers who keep informed on new methods and equipment. 

3 pes ZS . This department is at all times willing to cooperate, and provide 

on 3 cM. ° ba. the means of preparing and photographing metal specimens in 
LOE ¢ accordance with the latest approved practice. 


Fisher Scientific Company 
709-717 Forbes Street 
Pittsburgh, Pa. 
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Log-Cabin Methods 
ina SkyscraperAge 


BAUSCH & LOMB OPTICAL CO. 


638 St. Paul Street + + Rochester, New York 


——| 


Not only absurd, but impossible. 


Manufacturing methods must change 
with the times or the manufacturer will 
find his business, like the log cabin, 
obsolete. The day of scientific laboratory 
control is here. High speed quantity 
production has made it a necessity, and 


the cost of equipment is practically 


negligible when compared with the bene- 
fits derived in the way of uniformity, 


precision and speed. 


The B & L Metallographic Equipment 
is a piece of laboratory apparatus of 
proved value. Positive and permanent 
alignment of microscope and optical 
system, combined with complete ab- 
sence of vibration, insures perfect 
definition at practically any desired mag- 


nification for any length of exposure. 


Catalog E-210 will bring you the details. 


= 
Makers of Orthogon Eyeglass Lenses for Better Vision 
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At present it can be said that the greatest 
difliculties have been overcome. The Italian 
metallurgical industry has entered a period of 
rapid and sound development, both technica! 
and commercial, which IT hope to have the op- 
portunity of describing in future letters. 

Frepertco 


Turin, Italy, 


Sponge Iron 
Produced 


DURING recent years a 
shortage of high grade 
scrap in Sweden has 
tended to increase the cost 
of steel made by the acid 


open-hearth process. As 


this situation might also 
imperil the quality of the 
steel, the problem of producing a cheap and 
first-rate sponge iron as a substitute for scrap 
metal or pig iron has become of prime impor- 
tance to us. 

Over 20 vears ago the production of sponge 
iron was started at Héganas, where is located 
the only coal mine in Sweden. The method, 
which is still in use, was invented by Sieurin 
He found that a rich concentrate of iron oxic 
mixed with lime and low grade coal gave 3 
good sponge when heated in fire clay contain 
ers placed in annular furnaces, The produc! 
contains about 95 per cent iron and, being ver) 
low in sulphur, can be converted into excellen! 
steel. Total production by Sieurin’s method 's 
not very large, amounting only to about 600" 
tons a vear; of this about one-third is exported 
the United States receiving the trifling quanti!) 
of about 500 tons. 

Several methods of making sponge iron /a\: 
been suggested during recent years, but | be 
lieve all are still in what may be called the 
perimental stage. In Scandinavia the attemp> 
to solve the problem have been mainly «lots 
three different lines. (Cont. on page Tl 
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A NEW twenty 


page bulletin is just off the 


press giving complete technical data 


for Calite Alloys. Write 


for your copy. 


Hardening Pots 
Cyamde Baskets 
Hearth Plates 


Rollers 
Rabbles tase 
Muffles 
Wil; 
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THE CALORIZING COMPAN} 
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Letters 


M. Wiberg has suggested a method of treating 
the iron ore (in the form of lumps or briquettes) 
in a shaft furnace or rotary furnace with char- 
coal gas at a temperature of about 1000 deg. C., 
using the counter-current principle. The most 
valuable feature in this process is that the main 
part of the gas is taken out of the furnace im- 
mediately after having passed the zone where 
the reduction of FeO into Fe takes place, and is 
regenerated in a carburetor system before pass- 
ing through the furnace again. The rest of the 
vas passing through the remainder of the fur- 
nace still has enough reducing capacity to bring 
about the reduction of FeO, into FeO. The 
heat content of the residual gas is then used for 
preheating the ore. This theoretically sound 
process has been described before the American 
Electrochemical Society in 1927, and on being 
tested on a small scale, has been found to give 


a good product. Some of its important oper- 


ative details, however, still remain to be soly od. 

The method of the Norsk Steel Co. is ba ed 
upon the reduction of iron oxide by means oj 
carbon monoxide and hydrogen. The gas mix- 
ture is regenerated thermally in a high tens on 
electric are, and chemically in a coke 
erator, The ore is reduced in a rotary fur- 
nace. The process is intended for poor ore, 
and the end product has to be concentrated 
magnetically. The method was suggested by 
the Norwegian metallurgist, E. Edwin, and |ias 
been tested in Nidaros, partially through the 
initiative of the Lappland iron ore miners, the 
Grangesberg-Oxelosund Co. Experiments along 
the lines suggested by Edwin are also being 
carried out in Germany. 

Quite recently B. Kalling of the Avesta Steel 
Works has attempted to make sponge iron }y 
heating electricaily a mixture of concentrate 
and charcoal powder in a rotary furnace. At 
a metallurgical meeting held during the spring, 
he communicated some results obtained, from 
which it seems that the experiments are 


promising. (Continued on page 110) 


QUENCHING 
OIL COOLERS 


Help to assure correct quenching con- 
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ditions in heat treating operations. 
Thousands in use on all oil cooling services. 


- THE GRISCOM-RUSSELL COMPANY 


MADISON 


Heat Transfer Apparatus 
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The twelve societies 

co-operating in 

National Western 

Metal Congress are: 

American Chemical 
Society 


American Institute 
of Electrical Engineers 


American Institute of 
Mining and Metal- 
lurgical Engineers 


American Petroleum 
Institute, Cal. Div. 


American Society of 
Mechanical Engineers 


American Society for 
Steel Treating 


American Welding 
Society 
Institute of Metals 


National Purchasing 
Agents Association 
Pacifie Coast Electrical 

Association 
Pacific Coast Gas 
Association 


Society of Automotive 
Engineers 


The Great Exposition Auditorium at San Francisco where the 1931 
National Western Metal Congress and Exposition will be held 


‘Remember your date 
At the Golden Gate 
In the winter of Thirty One 
(- So make your plans, and don’t be late 
C To arrive in the land of the Sun 


A TRIP THROUGH THE WEST—California at its Height—a trip to 


Hawaii, if you wish—a weeks’ sojourn in San Francisco attending . . . 


Where many subjects of vital interest to the metal world will be 
discussed during the sessions of the twelve cooperating societies 
(see left column) . . . Concurrently, over 100 manufacturers will 
exhibit the latest machinery, processes and production methods at 


More than 70,000 square feet of exhibit space—at Los Angeles 
in 1929, over 50,000 visited the exhibits and sessions—a counter- 
part of the annual National Metal Congress and Exposition .. . 


Over 200 Eastern people visited Los Angeles 
in '29—we expect 500 at San Francisco in '30 


FEBRUARY 16—20Q 


ber, 1930 
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In addition to the three methods of making 
sponge iron mentioned above, another matter 
that is of great interest at present is the direct 
production of steel by the process invented by 
Flodin and Gustafsson. Briquettes of rich ore 
and powdered charcoal are heated in an electric 
are and the steel formed is collected on a 
hearth. After a suflicient quantity is produced 
it is transferred to another furnace for final re- 
fining. 

A small plant of this type has very recently 
been erected at Langshyttan, where it is used 
mainly for the production of high chromium 
steel. The process requires much energy and 
will probably need very cheap electric power 
to be successful in) commercial competition 


with other methods of making ferro alloys and 


alloy steel. 


A. WESTGREN, 
Stockholm, Sweden. 


Chrome Refractories 


Cheapest In the End 


WHILE agreeing thor- 
oughly with Mr. Kielman 
on the many points con- 
cerning furnace design he 
so capably covered in the 


article in Merart Progress 


for September, I would 
question one statement on 
page 61 that “A neutral or basic refractory, like 
chrome brick or plastic chrome ore, will resist 
the scouring action of hot scale, but such ma- 
terial is expensive.” 

While it is true that plastic chrome ore ma- 
terials cost more than fire brick or sand, in the 
long run this material is really the cheapest. 
This statement was made (and the reasons for 
making it were stated) in the advertisement of 
EK. J. Lavino & Co., printed on page 129 of the 
same issue. 

We are of the opinion that it would have been 
more nearly correct to say that the first cost of 


such products is high, but in the long run they 
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are really cheaper than material used in the 
past for hearths in forging and heating (\p- 
naces, 
A. DEMACEDO, 
E. J. Lavino & Co., Philadelp 


Hardenability 
of Tool Steel 


DURING a trip last sum- 
mer through many Euro- 
pean countries, I found a 
great deal of attention was 
being given to the harden- 


ability of tool steels and 


its control by regulating 
the melting procedure. 
European manufacturers feel that the harden- 
ing test cannot be used to compare the product 
of different manufacturers, but is a useful con- 
trol for steel made in a particular plant. 

In Sweden the test appears to have been 
standardized as follows: Five samples, 20 mm. 
square by 8!. cm. long are hardened in sat- 
urated brine from a lead pot at 770, 800, 830, 
860 and 890 deg. C. 
the fracture classified on the basis of fineness. 


Each sample is broken and 


The quality index number is obtained by adding 
the fracture number of each of the samples. 

Samples for the test are rolled from the billet 
in a small mill set up for this particular pur- 
pose. After rolling, the pieces are annealed in 
air at 30 to 50 deg. C. above the critical tem- 
perature, 

Swedish mills have generally accepted the 
fact that a fine grain fracture after hardening 
at high temperatures is an indication that the 
steel will be a shallow hardening steel al 
normal quenching temperatures. 

In Czecho-Slovakia the test piece for harden- 
ability is 20 mm. square by about 3 in. long, 
hammered from the billet. Practice there is to 
use nine normalized specimens, and harden in 
brine from lead at 720, 740, 760, 780, 800, S20. 
S40, 860 and 880 deg. C. 


before hardening with a 60-deg. sharp bottom 


Specimens are nicked 


Vee, 2 mm. deep, and broken after hardening. 
The same test is made on an annealed piece 0! 
the same bar after machining on two sides ( 


20 mm. (Continued on page /1' 
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HS tension lines require the finest in pole line 
construction. All materials are subjected to 
the most rigid inspection. 


Hubbard & Company, the largest manufacturer 
of pole line hardware, has built up and maintained 
an enviable reputation in this field by supplying 
quality products — assured by the use of the most 
modern equipment available. 


Their forgings, made on the new National High 
Duty Forging Machines, are accurate, free from 
fins and part line flash, and in some instances are 
hot punched during the forging operation—a 
possibility because of the “machine tool accuracy” 
of the new National High Duty Forging Machine. 
The accompanying illustration of an insulator pin. 
made at their Chicago plant, shows such an example. 


“THE HARDWARE Makes the Line 
Hubbard Makes THE HARDWARE” 
on new Nationals to insure Hubbard Quality. 


National High Duty Forging Machines 
are sold by 


CHAMBERSBURG-NATIONAL 


COMPLETE FORGING EQUIPMENT 


Offices at 
CHAMBERSBURG, TIFFIN, OHTO 
NEW YORK, 152 W. St. CHICAGY, 565 W. Washingtoe 
DETROIT, 2457 Weodward Avenue 


A National High Duty 
Forging Machine 


OHIO 
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Temperature at which hardening begins is 
noted. (In plain carbon steel this starts, as a 
rule, at 720 deg. C., although the center is not 
vet refined.) At 740 deg. C. the case and core 
are both refined in good straight carbon steel. 
An open-hearth steel may harden at 700 or even 
690, but such a low temperature is considered a 
sign of poor quality. 

The highest temperature giving refinement to 
the outside is the top of the hardening range, 
which range is the most important basis for 
judging the heat. It is also common practice to 
measure the depth of the hardened layer on the 
center of a machined side, and this must be con- 
stant for the hardening range. In annealed 
bars the hardened layer is slightly thinner and 
the hardenability range a little wider than in 
the normalized bars. This distinction is more 
noticeable in open-hearth steels. 

These tests are used regularly to check two or 
three heats daily, and for certain uses classifies 
the heats according to quality — extra best, best, 
and no good. My informants stated that depth 
and range of hardenability can be regularly 
controlled at no extra cost, and this practice has 
been pursued for at least ten years. Two per 
cent manganese steels have been made which 
harden no deeper than ordinary tool steel. 

It is also common practice for this Czecho- 
Slovakian firm to furnish ordinary carbon tool 
steel with hardenability corresponding to the 


section and use which is to be made of the ma- 


terial. This is standard practice with my own 


company (Ingersoll-Rand Co.), as we use te 
hardenability test described in Transactio..s 
A.S.S.T., for January, page 30, to regulate t)\. 
use of materials and to control the purchases. 
B. F. SHEPHERD, 
Phillipsburg, N. J, 


Japanese Study 
Age Hardening 


SINCE vanadium steel is 
very useful from an indus- 
trial viewpoint, I take 
pleasure in sending you 
the results of some funda- 


mental investigations of 


great value, in the form of 
an equilibrium diagram of 


(This is 


reproduced on the data sheet, page 83.) Dur- 


the iron - vanadium - carbon system. 


ing the last four years, Masakichi Oya, a mem- 
ber of our Institute, has been working on this 
ternary system. 

His results are contained in five papers, three 
of which have already been published in Science 
Reports of our University, and the other two are 
now in the press. They are entitled as follows: 

(1) X-ray analysis of iron-vanadium alloys; 

(2) An investigation of the vanadium-carbon 
system; 

(3) On the equilibrium diagram of the iron- 
vanadium system; 

(1) Metallographic investigation of vanadium 
steels; 

(5) On the equilibrium diagram of iron- 


vanadium-carbon system. (Cont. on page 116) 


BELT or 
MOTOR DRIVEN 


CUTS CARBURIZING COSTS 


By reclaiming more compound. Hot or Cold Compound may be cleaned 
and graded in one operation—ready for re-use. Mixes new Compound 
with the old perfectly. Will separate treated material from the Compound. 


REDUCES LABOR - ELIMINATES DUST - DOES BETTER WORK 


WRITE FOR PARTICULARS 


Manufactured by BROWN LYNCH SCOTT COMPANY 
600 MAIN STREET, MONMOUTH, ILLINOIS 
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Direct Fuel and Labor Savings 
PAID For THIS SC FURNACE 


...other advantages, increased profit 


In eighteen months, this SC gas-fired roller hearth 
furnace paid for itself with fuel and labor savings 
on “burn off’ and annealing operations in a large 
well established enameling and stamping plant. 


Factors determining the furnace design were wide 
range in size and shape of cold drawn parts to be 
treated, heating operations, handling and timing of 
material thru the heat zones, press room capacity 
and initial furnace cost. 


The 50% fuel and 60% labor savings justified 
the investment. Besides this . . . scrap losses were 
reduced from 20% to 4%, press room production 


We have just prepared a special 


bln svng complete dato on increased 100% and quality of the product vastly 
nace, and the results achieved. improved. 


Copy will be mailed and name of 
company given upon request. 


The Surface Combustion Co. 


Henry Doherty & Co 
&® 2375 DORR STREET. TOLEDO.OHIO 
ws Branch Offices in All Principal Cities - 
Mantle Rec vperator Division Webster Engineering Co 


Member of Industrial Furnace Manutacturers Association 
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Letters 


The summarized result of thes* papers are 
given for the first time in the diagram men- 
tioned. 

Sadajiro Kokubo and the present writer have 
been studying several properties of quenched 
aluminum-copper alloys during tempering with 
a view to clarify the mechanism of age-harden- 
ing. Specimens containing from ©0 to 12 per 
cent copper were heated for 30 min, at 545 
deg. C. and then quenched in water. After 
aging them for 10 or 20 days at room tempera- 
ture, each of them was heated for 6 days at 
different temperatures up to 500 deg. C.; they 
were then slowly cooled in the furnace, and at 
‘ach stage their density, electric resistance and 
hardness were measured. The dilatation and 
thermal curves were also taken for quenched 
specimens. 

The observed facts do not agree with conclu- 


sions drawn from the precipitation theory of 


4 


Dr. Paul D. Merica and others. We have for: \y- 
lated a new theory modified from one sugges ed 
by Dr. S. Konno. 

We believe that the hardening, which p- 
creases in intensity up to an annealing temp or- 
ature of 170 deg. C., is due to the lattice dist r- 
tion caused by the copper atoms, which just 
before the precipitation of CuAl, from the 
aluminum solid solution, move towards grain 
boundaries and concentrate there within the 
lattice of aluminum. A further annealing at 
higher temperature results in the precipitation 
of the compound and the consequent softening 
of the alloy. A paper on this subject was read 
at the Liege Congress, June 24. 

From the secretary of the Franklin Institute, 
Philadelphia, I have received a letter saving 
that the Elliot Cresson Gold Medal will be be- 
stowed upon me May 20, 1931. This is not only 
a great honor to me, but also to our nation. 
It will give me much pleasure to visit America 
again, and to receive the medal personally. 

K. Honpa, 
Sendai, Japan. 


GENERAL @ ELECTRIC 


How and Where the X-Ray 
Being Used Modern Industry 


Send for a complimentary copy of this 
new booklet, just off the press. 


X-RAY CORPORATION 


ERE is a digest of the 

uses of the x-ray in in- 
dustry which every research 
executive will find of interest. 
The x-ray as a non-destruc- 
tive means of detecting flaws 
in manufacturing is proving 


General Electric X-Ray Corporation 


Dept. 301, 2012 Jackson Blvd., Chicago 


Send complimentary copy of “Industrial Application of the X-Ray.” 


of tremendous value in many 
lines. You will find up*t 
date information on this sub 
ject in this booklet. Send us 
your name and address on 
coupon below. 


Title 


2012 Jackson Boulevard Chicago, IIL, U.S.A. 


Firm 
FORMERLY VICTOR es X-RAY CORPORATION 


Signed 
! 


Join us in the General Electric program broadcast every Street 


Saturday evening over a nationwide N. B. C. network. eaten canara 
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by tH. 


wonder how he gets across. If you don’t like Freddy make all complaints to Hal Chase. 


| sy FREDDY REPORTS Ed. note: Freddy has been run for several years in Alloy Arguments, the house organ of General Alloys Co. 
i LA ,! : | (now discontinued), in Heat Treating & Forging. Freddy is a mythological peddler working for the Porous 
Pe 7 ‘astings Corporation, a nebulous steel foundry philandering in the alloy business. Freddy is so lowbrow you 
To tHe B | Castings Corps chu 
| . 


ATLANTIC CITY, N. JOISEY, One of those mornings. 


rd Gawge: 


-e | am spendin a hole week at this connection wich was one time the play 
sunds of the non laborin plutes, the bloated bond holder mob, the T. B. M., 
quick here comes my husband tell him you're my brother. The bored walk, 
wich it used to be a indication of heavy ashcay to go trottin on, now gets 
the daily and nitely vibrations from the fallen arches of a lotta the boys who 
will deliver it to the room for a eight buck drop, and the high heel puppies 
of plenty female miners who don't shoulder no pick and shovel, either, Gawge. 


Met a tomater last eve who runs a coupla shush places. He calls one hideout 
left ankle and the other one right ankle because he says that everyone knows 
that they are a coupla low joints. This guy comes up to the room last nite and 
gives me a bid to a party wich starts in a high class gin mill and ends up in 
a swell Apt. they was all kinds of peepul there. The canary who runs the joint 
is a palooka named Dailey, which | understand is a desendant of the guy 
what invented the Dailey papers. He has his tongue hangin out to represent 
a neck-tie and talks mezzo soprano but reely seems to be the kind of a 
guy who couldn't rave about a pair of silk stockins unless they had somethin 
in them. He asks me if | am havin 
a good time and | murders him with 
the crack that | had too much will 
power to have enny fun at a party. 
They was plenty of eye widenin bim- 
boes there, too. The party runs outta 
tonsil dissolver durin the midst of the 
racket so the host sends a guy out for 
some whiskey and lemons. He sent the 
B. L. around five minutes later with 
the oozbay but it took him a coupla 
hours to find the lemons. What a 


village this is, Gawge. 


Chester's brother is workin down here 
and he takes me around to see some 
of the boys. Speekin of noses runnin 


in families, Gawge, | should say that 


PLENtY OF FEMALE MINERS 


dizzy skulls is also in the same class. 
This guy is so dizzy it's a wonder he 
aint been bumped off from the effects 
of centrifugal force. We got into a dice 
pitchin contest with the gang and 
about nine o'clock he calls up Schultz 
the butcher. 


“Say,” he yelps into the phone, ‘is this 
the meat store?” 


Schultz tells him it certeny is. 


“Well,” says the goofer, “go down to 
Marten's and meet my wife for me. 
| had a date with her at eight o'clock.” 


He thinks Lou Gehrig on the Yankees 
is a shoemaker. He says he reaa in the 
paper the other day where he made 


You REMIND ME SO 
MUCK OF Dick 


TOO MUCH WILL POWER 
TO HAVE ANY FUN ~ 


ALLOYS 


( her, 1930 


a coupla costly boots. He's the kind of a egg who don't need a murad to be 
nonchalant whilst coolin his soup by fannin it with his hat. A dizzy tomater, 
Gawge, a dizzy tomater. He married a dame without any legs because his 
back is sensitive to cold feet. He tumbles me to a swell lookin dame who | goes 
on the make for rite away. | went beechin with her the next eve. She's the 
kind of a broad you don't know whether to call dumb or innocent. She tells 
me she was brought up on a farm and she still thinks that a pet shop is a 
neckin establishment. 

Well, old pal, as the guy sez when he pushed the last of his chips into the 
middle of the table, “I'll be seein you.” 


Yours till that dizzy girl frend of yours in Peoria stops straining coffee 


through the fly swatter. 
Freddie. 


P. S. Kinder tough about all those furnace rails failin wich we furnished for thot steel company 
in Pittsdirt, Pa., but | see by the stock market reports that all rails have been very weak for the 


last six months, Gawge. F. 
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PLANT IN A PARK. A Sunshine plant, white—silver—mostly 
windows ..... eighty thousand primroses ..... young ivy climbing ..... ramblers 
rambling ..... 14 misspelled words in 268 employment applications from 100% 
native born Americans .... . Airport at door .... . Blackberries ringing slag 


dump ..... Trees—birds ..... Birds—trees ..... Children picking flowers. 
+ + + 


PRODUCT reflecting the character of its makers, whose vision and ability 


have established those standards by which men judge all contemporary products. 
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Annealing rods hydrogen 


— of these gas-fired annealing furnaces 
were built and installed by Strong, 
Carlisle & Hammond Engineers more than 
10 years ago for one of the largest makers of 
industrial electrical appliances. The third 
was purchased some time later, based upon 
performance of the other two. 


Our own engineers collaborated with the customer's 
engineers in developing a design for their special purpose — 


annealing in an atmosphere of hydrogen at temperatures 
ranging from 600° to 12000 Centigrade. From furnaces for 
handling sheet in rolling mills to furnaces for the smallest 
tool room's needs, S C & H Engineers for years have met 
the most rigid requirements of a wide variety of industrial 
plants all over the country. 


You may depend upon Strong, Carlisle 
€> Hammond to design, build and install an 
electric, oil or gas furnace, or to equip com- 
plete a modern heat treating department. 


SCG&H Furnaces 
are built in all 
sizes of Oven, Pot, 
Continuous, and 
Special Types 
for Electric, Oil 
or Gas applica- 


tion. 


Furnaces 
are made for 
annealing, case 
hardening, car- 
bu rizing, forging, 
cyaniding, lead 
vardening, oil 
tempering. 


HAMMOND 


INDUSTRIAL FURNACE MANUFACTURERS CLEVELAND, OHIO 
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PLANT IN A PARK..... A Sunshine plant, white—silver—mostly 
windows ..... eighty thousand primroses ..... young ivy elimbing ..... ramblers 
rambling ..... 14 misspelled words in 268 employment applications from 100% 
native born Americans ..... Airport at door .... . Blackberries ringing slad 


dump ..... Trees—bhirds ..... Birds—trees ..... Children picking flowers. 


PRODUCT reflecting the character of its makers, whose vision and ability 


have established those standards by which men judge all contemporary produets. 
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Furnaces 
are made for 
annealing, case 
hardening, car- 
burizing, forging, 
‘yaniding, lead 
ardening, oil 


_ of these gas-fired annealing furnaces 
were built and installed by Strong, 
Carlisle & Hammond Engineers more than 
10 years ago for one of the largest makers of 
industrial electrical appliances. The third 
was purchased some time later, based upon 
performance of the other two. 


Our own engineers collaborated with the customer's 
engineers in developing a design for their special purpose — 


tempering. 


DUSTRIAL FURNACE MANUFACTURERS . 
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HAMMOND 


CLEVELAND, OHIO 


annealing in an atmosphere of hydrogen at temperatures 
ranging from 600° to 12000 Centigrade. From furnaces for 
handling sheet in rolling mills to furnaces for the smallest 
tool room’s needs, S C & H Engineers for years have met 
the most rigid requirements of a wide variety of industrial 
plants all over the country. 


You may depend upon Strong, Carlisle 
€> Hammond to design, build and install an 
electric, oil or gas furnace, or to equip com- 
plete a modern heat treating department. 


Furnaces 


are built in all 


tion. 


sizes of Oven, Pot, 
Continuous, and 
Special Types 
for Electric, Oil 
or Gas applica- 
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Around the World With Metal Progress 


Mine La Motte, in 
Southeast Missouri, 
vields 1,000 tons of 
lead day. Fer- 
nando de Soto mined 
copper from it in 
1541. 


Smaller silver dol- 
lars will be popular 
and bring needed in- 
creased demand for 
silver, says Nevada 
senator, chairman of 
committee on mines 
and mining. 


Nineteen stories 
high, a new office 
building in Dallas, 
Texas, is the tallest 
structure so far to 
be 100 per cent elec- 
trically welded. 


Magnesium alloys 
represent 50 per cent 
of all light metals 
used in German air- 
craft today. Reduced 
price is the explana- 
tion, say Germans 
who know. 


Nine waterwheel- 
driven generators, 
the world’s largest, 
will supply power 
for southern U. 
S.R. Four are near- 
ing completion in 
Schenectady. 


Turkey wants a 
new railroad and is 
spending $12,000,000 
with German inter- 
ests for raw materi- 
als to build it. Con- 
struction costs extra, 
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South America is mineral-rich; its 1929 pro- 
duction was valued at over $562,000,000. The 
13 countries produced 17 metallics and 9 non- 
metallics. Chile lead them all by producing 
$297,000,000 worth of nitrate, copper, iron ore, 
gold, silver, manganese, sulphur, coal, lead, borax 
and iodine. 


A link of “ye mightie chaine of yron” which 
was stretched across Portsmouth Harbor, Eng- 
land, in 1522, has been found in good condition 
after its 408-year bath. The chain was originally 
buoyed across the harbor mouth by three barges 
as a defense against invasion from the sea. 


Twelve million 
tons of rich hema. 
tite ore are reported 
to have been 
ered near Nipigon, 
Ontario, only 500 ft. 
below ground. 


Almost 300.000 
tons of steel took a 
river ride the 
Pittsburgh district 
last month. Ohio. 
Monongahela and 
Allegheny River 
shipments are break- 
ing records. 


The first highway 
with a steel founda 
tion is being built in 
Sangamon County, 
Illinois. Sand, brick 
and asphalt lie above 
the sheet of steel. 


Modern can mak 
ing machinery 
would elimin 
ate China’s famines. 
Produce’ raised 
fertile sections could 
then supplied 
cheaply to famine 
areas. 


Japanese pig iron 
producers worry) 
over imports of 100 
000 tons of India 
pig iron while thew 
own sales dwindl 
They ask a_ his 
tariff. 


A $6,000 gold 
get starte 
new gold rus! 
Australia. Pros 
tors use autos 
to get to gold fics 
dispatches say. 
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Brown Indicating, Recording & Automatic Control Pyrometers 
at the Millers Falls, Mass., plant of the Millers Falls Company. 


An Important Pyrometer Characteristic! 


ETTER HEAT TREATING helps the Millers Falls Company to uphold 

their good name...their reputation for quality tools ...helps them 
to make their tools faster, better and at a lower cost. @ The letter onthe 
opposite page proves that Brown Pyrometers and Automatic Temperature 
Controls give the kind of service needed in your shop ... in every shop. 
@ No matter what your work or your furnaces, Brown Pyrometers and 
Brown engineers can give you the temperature control that fits your job. 


Write for mformation ... engineering recommendations 
- quotations. Prompt service without obligation. 


THE BROWN INSTRUMENT COMPANY 
4503 WAYNE AVENUE PHILADELPHIA, PA. 
BRAN CHE S 1 oN 2 0 R | 1PAL 
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Review s 


of Recent 


Patents 


by Nelson Littell 


Patent Attorney 


475 Fifth Avenue, New York 


Member of 


Metal for Valves, Py Camille Contal, SL. 
Cloud, France. 1,771,773; July 29. 


The present invention has for its object) a 


non-oxidizable alloy designed particularly for 


the manufacture of valves and other adjusting 
and packing members and to resist the action 
of heated steam. The alloy comprises nickel 
10 per cent, copper $1 per cent, manganese 18 
per cent, antimony 9 per cent, and tin 2 per cent. 
This alloy is preferably made from 30 per cent 


copper-manganese alloy which is first melted 


tempered, however, for machining. — Boiling 
nitric and sulphuric acids attack the alloy only 
with great difficulty, and boiling potash and 
ammonia cause only an insignificant loss of 


weight. 


Electric Furnace, by Alvid D. Keene, of Pitts- 
burgh, assignor to Westinghouse Electric & Mfq. 
Co. 1,763,239; June 10. 


This patent particularly relates to means for 


supporting an electric resistor unit, the support 


Subse- being mechanically locked to the walls of the 


and to which nickel is then added. 


quently manganese, antimony and tin are added furnace and removable therefrom. As shown 


and some borax to prevent oxidation. in the figure on p. 138 the furnace walls //7 form 
This alloy has certain desirable characteris- a furnace chamber, and refractory resistor 


units 73 are supported by grooved refractory 


tics such as a melting point of about 1000 deg. 
©. and a Brinell hardness of 210. It may be 


insulator members 14%. (Continued on p. 138) 


BRINELL 


TESTING MACHINES 
AND ACCESSORIES 


FOR LABORATORY and PRODUCTION WORK 


BRINELL 
CALIBRATORS 


for checking 
testing machines 


HAND BRINELL POWER BRINELL 


Direct Reading Instrument + Brinell Calibrators 
Microscopes * Depth Gauges * Impact Testing 
Machines: Sheet Metal Testers + Metallographic 
Grinding Machines + Precision Brinell Machine. 
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Keeping industry 


dissatisfied ... 


In dedicating a new laboratory for one of America’s largest industries, 
a famous engineer remarked that the purpose of the new project was 
to keep the customer dissatisfied. In a way, that is the object of the 
new FIRTH-STERLING RESEARCH LABORATORY. Here a large 
and experienced staff is engaged in developing ever better tool mate- 
rials, making industry dissatisfied with the older types. 

Since the nineties, FIRTH-STERLING research has figured promi- 
nently in the evolution of tool materials. FIRTH-STERLING pro- 
duced one of the first high speed steels; was the first in America to 
manufacture Stainless Steel and Iron; later developed CIRCLE C 
super high speed steel CROMOVAN patented high production die 
steel, and now FIRTHITE tungsten carbide, a material of almost dia- 
mond hardness, approximating the strength of steel and of extraor- 
dinary cutting capacity 

Important as these contributions to metallurgy have been, we now 
dedicate the new FIRTH-STERLING RESEARCH LABORATORY 


with high hopes of even greater discovertes to come. 


>, 


\V 
= 


‘Ke 


STEEL COMPANY 


lober, 1930 


BOSTON 


WORKS: McKEESPORT, PA 
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VICKERS 


HARDNESS TESTING 
MACHINE 


provides a proportional and 
absolute standard of hard- 
ness by the plastic indenta- 
tion method. There is nothing 
empirical about it. It will test 
difficult specimens such as 
sheets under .007" thick; gear 
teeth on the working face; 
finished coil springs, etc., 
without damage. It is semi- 
direct reading and very fast. 


Catalogs can be obtained 
from the sole distributors : 


EASTERN STATES & NEW YORK: 


The Riehle Bros Testing Machine C Oy., 1424 N. Ninth 
Street, Philadelphia, Pa 


MIDDLE WEST inc). PITTSBURGH: 


Mr. W. T. Bittner, 19 South la Salle Street, Chicago, II! 


CANADA: 


Messrs. Williams & Wilson, 84 Inspector Street, Montreal, P.Q 
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The resistor unit is supported by a perforate: 
cleated locking member 15 and a_ perforate: 
wedging member locked together by pins /s 
To remove the resistor unit the pins are rv 
moved from the perforations permitting laters! 
movement of the resistor unit. Such movemen: 
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disengages it from the supporting members and 
the wedge members may then be withdrawn. 
The structure is claimed to be simple, readily 
removable, easily assembled, and a_ practical 
means for renewing damaged or destroyed re- 


sistor elements. 


Lead Alloy, by Sydney Beckinsale and Her- 
bert Waterhouse, of Woolwich, London, Eng. 


1,766,871; June 24. 


This invention has for its object to obviate 
the disadvantages attendant upon the use of 
pure lead for cable sheathing, pipe, sheeting 
and the like, chief of which is that the meta! 
is liable to fail by inter-crystalline chemical 
attack, and also by a peculiar type of inter 
crystalline disintegration due to the action of 
alternating stresses. It is known that the addi 
tion of cadmium increases the resistance to 
failure under fatigue and that antimony and 
tin also improve the mechanical and corrosion 
resistant properties of lead. The invention con 
sists of an alloy containing lead and cadmium 
and one or both of the metals, tin and antimony 
in the proportions up to 5 per cent and 3 pe! 
cent respectively. The ternary and quarterna! 

alloys produced in accordance with the inve! 

tion are susceptible to heat treatment, and 

heated to a temperature to exceed 150 deg. | 

and then quenched in water or rapidly cook 


the hardness and tensile (Continued on p. 14 
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strength will be greatly increased. The pre- 
ferred formula for a cable sheathing, formed 
from a lead alloy contains 0.10 to 2 per cent 
cadmium and 0.25 to 5 per cent of a metal from 


the group consisting of tin and antimony. 


Heating Element Mount, /y Smalley, 
assignor to Hevi Duty Electric Co., of Milwau- 
kee. 1,762,701; June 10. 


This patent relates to a construction for mount- 
ing the heating element in the bottom = or 
hearth of an electric furnace, whereby the re- 
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sistor may be positively supported at several 
points and maintained in a predetermined posi- 


tion, both with respect to the lateral and vertical 


movement. Another object of the invention js 
to provide a refractory which is formed to | |- 
low the free release of heat upon that portivy 
of the element covered by the refractory, a:d 
to eliminate the accumulation of scale and 
other foreign matter immediately adjacent ‘o 
the resistor at the point of support. The resistor 
element includes wires 7, mounted in the 

fractory 3, spaced between the ledge 7 in such 
a manner that foreign particles, such as scale, 
may readily fall between the turns of the re- 
sistor to the surface of the ledge beneath. As 
the refractory support 3 is narrow where it en- 
gages the wire, the heat from the resistor unit 
may flow freely and the scale cannot collect 
and short-circuit the unit. 


Hardening Machine, 4A. Shorter and 
(. L. Boucher, assignor to Patent Gear Harden- 


ing Co., London, Eng. 1,768,159 and 1,768,160; 


June 24. 


These patents describe machines for harden- 


ing irregular surfaces (Continued on p. 142) 


“AMERICAN” ELECTRIC 
High Temperature Furnaces 


With Patented 


Atmospheric Control 


These furnaces for High Speed Steel 
Hardening are being Universally adopt- 
ed, because of their definite standards 


of economy and performance. 


American Electric Furnace Company 
BOSTON, MASS, 


30 VON HILLERN STREET - 
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in the Hardening Dep 


HE new Hyro Automatic Pot 

Furnace definitely increases 

production in the hardening 
department. But that is only one 
of its advantages. Here are some 
others: 


Cuts labor cost. One man can easily 
tend two—or even more Hyro Au- 
tomatic units. Turns out. uni- 
formly hardened work. Each load 
travels from pot to quench in the 
same time and under identical con- 
ditions, therefore depth of case does 
not vary. . . . Cuts out lifting and 
carrying of heavy loads. Charge is 
mechanically conveyed into and out 
of the quenching tank. Workers do 
not slow down toward the end 

the shift. . . . Makes case-harden- 
ing SAFE. Yhere are no fumes, 
no possibility of burning and scald- 
ing, consequently hardly any labor 


turnover because al] danger to 
ers is elimimatedes Merially 
reduces both WP afid compensation 


insurance rag 
= 


How is it done? 


The illustrat 
the Hyro 


furnace and 


n shows clearly how 
tomatic works. Pot 
uenching tank are 
combined int@@@ne unit. Both are 
completely encl@i&d by separate but 
connected hoodg*&bat are exhausted 
of noxious fumés,by a powerful 
fan. The hoods arejopened only for 
charging the pot Chyghand) and for 
discharging thé que ( aucomatic- 
ally). Both héods ha¥e Pyrex win- 
dows for observation of the work. A 
worm-gear driven, counterbalanced, 
self-locking hand wheel swings the 
heated charge through a sealed pass- 
age from the pot to the quench; a 


HYRO MANUFACTURING CO., Ine. 


202 Varick Street 


New York City 


RODUCTION 


Hood-enclosed pot furnace 

Has Pyrex window for obser 
vaton of work while in 
process. All fumes go up the 
flue 


2 Worm-gear driven hand-wheel 

which turns with ease, auto- 
matically empties the basket 
into the quenching tank 


3 Quenching tank, fully en 
e closed Covered by a baffle 
plate to “break up" work and 


prevent back - splash Hood 
opens above into an exhaust 
pipe 


| Hand-wheel which empties 

quenching tank basket into 
hopper. Counterhalanced arid 
self-locking. 


Hopper through tin 
ished work is discharged into 
baskets or tote-boxes 


Exhaust system which draws 
off fumes from both hoods 


Portable pyrometer 


tment 
similar hand wheel empties the 


quenching tank through the hopper 
into any convenient receptacle. 


Find out what HYRO 
ean do for you! 


Find out how hardening production 
can be increased, your costs cut, and 
your working conditions greatly im- 
proved—with the Hyro Automatic. 
Send the coupon today for the com- 
plete story. 


10-30 


HYRO MFG. CO., Ine. 
202 Varick Street, New York City 


Please send me the details of the 
Hvro Automatic Furnace 
Name 


iddress 


City State 


AU T @M A 


Oclober, 1930 
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of gear wheels, and the principal object of the 
invention is to provide a machine for uniformly 
hardening such irregular peripheral surfaces 
without distortion, and for heat treating a num- 
ber of such articles simultaneously. Machines 
are provided with fixed high temperature heat- 
ing devices, as well as means for rotating the 
articles to present successive portions of said 
surfaces to be heated and to maintain said sur- 
faces at a uniform distance from said heating 
means. A blow-torch is used for applying in- 
tense heat to a tooth, and by certain apparatus 
the heating flame is shut off at a predetermined 
point and then the tooth is immersed and 
quenched. Patents have already been granted 
in Great Britain on these machines. 


Hectric Furnace, $y Herbert W. Strong, of 
Cleveland Heights, Ohio, assignor to Strong, Car- 
lisle & Hammond Co., of Cleveland. 1,762,201; 
June 10. 


The invention relates to electric furnaces as 
shown in the figure, having a heating chamber 
/ surrounded by the usual inner walls 2 of high- 


for your information 


We maintain a complete laboratory and are ready 
and pleased at all times to be of assistance with 
technical information and advice regarding the 
products we manufacture. 


grade refractory material. The heating el 
ments or globars 9, of circular section, are sui 
ably positioned with respect to depressions } 
the linings which are parallel to the globar 
and which are provided with a number « 
minor depressions having sharp extremitic 


These projections are much more quickly 
brought to incandescence and to a much higher 
state of incandescence than would otherwise 
be obtainable. The furnace thus functions 


with a high degree of efliciency. 


| 
| 
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Carbonizing Compounds 
Lead Pot Covering 
Quenching Oils 

Alloy Furnace Parts 
Furnace Cements 


Cyanide (96-98%) 


PARK CHEMICAL COMPANY 


Cyanide Mixtures 
Drawing Salts 
Re-Heating Salts 
Pressed Steel Pots 


Metal Cleaning Compounds 
Calorized Pots 
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Non Burning Char Compound does not continue to burn 


| when discharged into the air from carburizing temperatures. 


BURNING 


CHAR 


CARBURIZIN 
COMPOL 


DESIGNED FOR 
ROTARY and DIRECT 
QUENCH PRACTICE 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING + INDIANAPOLIS, INDIANA 
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Mayari Steels—Bethlehem Steel 
Co., has issued a folder on Mayari 
Nickel-Chromium Steels. These 
steels possess unusually high fa- 
tigue-resistance and endurance, 
and stand up under severe shocks 
and dynamic stresses. for 
bulletin No. B-1. 

Testing Machines—Pittsburgh In- 
strument and Machine Co. New 
catalog describing Brinell ma- 
chines and accessories. Also “Di- 
amo-Brinell” type, a direct-read- 
ing Brinell tester using either 1 
millimeter diamond or 2 milli- 
meter steel ball. Ask for bulletin 
No. B-2. 

Nirosta KA2—Associated Alloy 
Steel Co. “Information on 18-8 
Nirosta KA2.” Send for our tech- 
nical bulletin series on 18-8 Ni- 
rosta KA2 covering physical prop- 
erties, resistance to chemical at- 
tack, fabrication, etc. Ask for bul- 
letin No. B-3. 

Corrosion and Heat Resisting Steels 

Colonial Steel Co., Vanadium 
Alloys Steel Co., and Anchor 
Drawn Steel Co. Booklet gives 
complete data regarding stainless 
A, stainless B, stainless I, stainless 
IMS, stainless N, stainless U and 
stainless CNC. It is intended for 
shop men to whom it gives valua- 
ble technical information. Ask for 
bulletin No. B-4. 

Die Blocks—Heppenstall Co. 
jooklet of 50 pages various 
Heppenstall die blocks. Booklet 
also contains metallurgical engi- 
neering data, tables of weights of 
inaterials, temperature conversion, 
mensuration formulae, ete. Ask 
for bulletin No. B-5. 

Deoxidizers—Vanadium Corp. of 
America. Leaflet describing Alsi- 
fer, a material used for the deoxi- 
dation of steel during manufac- 
ture. Ask for bulletin No. B-6. 

Oil Coolers—Griscom-Russell Co. 
“Cooling of Quenching Oil in the 
Hleat Treatment of Steel.” Outlines 
heat treatment principles, explains 
the factors that determine correct 
quenching speed, discusses appli- 
cations and limitations of various 
quenching mediums and explains 
methods by which inany concerns 
secure uniformly excellent results. 
Ask for bulletin No. B-7. 

Pot Furnaces—Hyro Mfg. Co. 
Booklet describes new Hyro pot 
furnaces for case hardening by 
cyanide and other salts, heat treat- 
ing, ete. This new furnace makes 
certain kinds of heat treating safer 
and more eflicient. Ask for bul- 
letin B-8, 

Furnaces—American Fur- 
nace Co. “Furnaces for Various 
teat Treatments,” a discussion of 
the requirements hardening 
high speed steel with reference to 
furnace equipment, also an outline 
of various heating machines and 


a description of rotary retort ma- 
chines for carburizing. Ask for 
bulietin No. B-9. 

Nickel Steei— International Nickel 
Co. Data and Applications. A series 
of 17 8's by 11-inch semi-techni- 
cal bulletins with convenient loose 
leaf type binder to facilitate filing 
and increase their reference value. 
Ask for bulletin No. B-11. 

Heat Treating Chemicals——loessler 
and Hasslacher Chemical Co. 
Booklet “Case Hardening and Heat 
Treatment of Steel.” Compre- 
hensive data on cyanides for sur- 
face hardening, physical proper- 
ties and methods of use of salt 
baths for drawing, annealing and 
general hardening. Ask for bul- 
letin No. B-13. 

Hardness Testing—W ilson-Maeu- 
len Co. Booklet entitled “Hardness 
Testing of Metals” 48 pages of 
statements by users of the Rock- 
well hardness tester explaining 
the applications they are making 
of the Rockwell tester. Ask for 
bulletin No. B-14. 

Polishing Machines—Guthrie-Leitz 
Grinding and Polishing Machine 

E. Leitz, Ine. This Leitz publi- 
cation illustrates and describes a 
complete line of Leitz metal mi- 
croscopes and accessories. They 
are used extensively in = metallo- 
graphic laboratories and serve for 
routine research’ investiga- 
tions. Ask for bulletin No. B-15. 

Heat Treating Furnaces—W. S. 
Rockwell Co. Catalog covering 
Rockwell continuous heat treat- 
ing furnaces built in great variety 
of sizes, electric or fuel. Ask for 
bulletin No. B-16. 

Ascoloy 33—-Allegheny Steel Co. 
Technical bulletin describing this 
remarkable heat resisting alloy 
will be sent on request. Ask for 
bulletin No. B-17. 

Fuel Fired Furnaces Electric 
Furnace Co. Eight-page bulletin il- 
lustrating oil and gas fired con- 
tinuous and batch type billet 


heating, forging and car type fi 
naces for heating, normalizi) 
and heat treating, also labor sa 
ing material handling equipme: 
Ask for bulletin No. B-18. 

Nirosta Buyers Guide—Krupp \ 
rosta Co., Inc. A concise listing of 
Companies” producing Nirosta 
metal, their addresses and thy 
forms of material they are pri 
pared to furnish. Ask for bulk 
tin No. B-19. 

Furnaces—Strong, Carlisle and 
Hammond Co. invites your 
quests for their bulletins and rr 
prints of recent furnace installa 
tions. Your inquiries are solicited. 
Ask for bulletin No. B-20. 

Electric Furnaces—American Elec 
tric Furnace Co. A new four-page 
bulletin fully describing small 
electric box type furnaces. Ask 
for bulletin No. B-21. 

Nitriding—Hevi Duty Electric Co 
has just published a new bulletin 
“Essentials of Successful Nitrid- 
ing,” giving a description of the 
elements of successful nitriding 
given in light of the company’s 
research, in the laboratory and in 
regular production. Ask for bul 
letin No, 22. 

Potentiometers—-Thwing  Instru 
ment Co. “The Treasure Chest” is 
a highly accurate portable poten 
tiometer, a laboratory in_ itself, 
completely self contained with 
standard cell, batteries, resistance 
coils, self checking feature, sts 
tions for checking thermocouples 
and for reading temperatures 
from thermocouples. Ask for bul 
letin No. B-23. 

Slushing Compound—The Sk) 
bryte Co. Steebrite is an entirely 
different rust preventing com 
pound from ordinary oils) and 
greases. It has nonce of their ob 
jectionable features and gives 
greater protection to sheet and 
strip steel and fabricated parts. 
Ask for bulletin No. B-24. 

(Continued on page 146) 
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PRESSED STEEL CO. 


witkKk BARRE -+.PENNSYLVAN 


ber, 1930 


DEAR BILL: — 


We were pleased to see you and 
our many friends and have you vis't 
our booth at the Chicago show. It is 
great to have friends and still better, 
to have sold them a product that 


merits their continued confidence. 


Resistal Lite-Wate boxes have 
saved you money, giving you more 
heat hours, faster carburizing time 
and a decided fuel saving. Our sheet 


boxes are better. 


Yours, 


THE PRESSED STEEL COMPANY 


Makers of 


REZISTAL LITE-WATE 


Carburizing and 
Annealing Containers. 
Welded and Seamless 
Pans. Perforated Baskets 


Carburizing 
Containers licensed 
under Patent No. 1,270,519 
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Helpful Literature 


Industrial Regulators—Minneapo- 
lis-Honeywell Regulator Co. Book- 
let describing their motorized 
valves used in furnace tempera- 
ture regulation. These valves op- 
erate with their regulators or with 
any pyrometric controller to reg- 
ulate flow of gas, oil and air. Ask 
for bulletin No. A-2. 

Resistance Thermometers—Leeds 
and Northrup Co. Revised catalog 
treating in detail resistance ther- 
mometers for recording, controll- 
ing and indicating temperatures, 
covering heating and ventilating, 
applications in refrigeration and 
chemical plants, gas-making and 
other low temperature applica- 
tions. Ask for bulletin No. A-3. 

Tool Steels— Carpenter Steel Co. 
Bulletin illustrating and = describ- 
ing methods for testing the uni- 
formity of tool steel. Discusses 
uniform hardness penetration, etc. 
Published by the research depart- 
ment. Ask for bulletin No. A-4. 

Steel Refining—Densite Corp. of 
America. <A folder in the form of 
a chart showing physical proper- 
ties and photomicrographs of 
structures and inclusions of vari- 
ous carbon steels refined with Den- 
site. Chart is of especial interest 
to metallurgists and heat treaters. 
Ask for bulletin No. A-5. 

Gas Heat—American Gas Associ- 
ation. A textbook on the uses of 
gas in industry, giving compre- 
hensive data on industrial gas 


heat. Illustrated. Free. Ask for 
bulletin No. A-7. 

Steel Handbook—Jos. T. Ryerson 
& Sons, Inc. Handbook on Tool 
and Alloy” Steels. Description, 
technical data and general infor- 
mation on tool and alloy steels. 
Also nontechnical description of 
heat treating methods and shop 
practice applying to various steels. 
Ask for bulletin No, A-8. 

Induction Furnaces—Ajax Electro- 
thermic Corp. This bulletin gives 
latest information regarding core- 
less induction furnaces in capaci- 
ties up to several tons, and motor- 
generator equipments for energiz- 
ing furnaces. Ask for bulletin A-9. 

Corrosion Prevention— Dearborn 
Chemical Co. Booklet describing 
latest scientific methods of treat- 
ing water for prevention of scale, 
corrosion and foaming in steam 
boilers, dealing with related prob- 
lems in connection with scale and 
corrosion other power plant 
equipment. Ask for bulletin No. 
A-10. 

Heat Resisting Steels—Midvale Co. 
Booklet is largely a diagrammatic 
classification showing the content 
of the various allovs. It was pro- 
duced because of a large number 
of requests for exactly this type of 
information. Ask for bulletin A-11. 

Special Analysis Steels—W heelock, 
Lovejoy & Co. Folders give analy- 
sis Hy-Ten steel ranges in carbon 
from .10 to 1.00 per cent. There 


PRESSED STEE 


Last longer because 
made from %” metal 


Low price will reduce 
your heat treating cost 


pot for every furnace 


Continued. 


is a Hy-Ten grade for every vil)! 
machine part. Ask for bullet 
No. A-12. 

Tool Steel Handbook—Colum! 
Tool Steel Co. Booklet contains 
valuable information concerning 
the making of tools, heat treating. 
application of steels, with tables 
etc. Ask for bulletin No. A-13. 

Heat Resisting Alloys—Gener 
Alloys Co. General catalog on © 
Alloys, which has recently be: 
prepared describing many appli- 
cations of heat resisting alloys. 
Ask for bulletin No. A-15. 

Pickling Equipment—W eaver Bros 
Co. Catalog listing equipment and 
supplies now available. Depicts 
all necessary equipment and has 
new “theory and practice of pic! 
ling.” Ask for bulletin No. A-17. 

Stainless ltrons—Republic Stee! 
Corp. Series of booklets descrip- 
tive of Enduro Stainless Irons. 
kKach booklet is devoted to a sin 
gle type of stainless and contains 
complete fabrication data, and « 
scriptions of the physical and 
chemical properties. Ask for bu! 
letin No, A-19. 

Springs—W allace Barnes Co 
“The Mainspring” issued monthly 
giving to spring users technical 
information on springs, their de 
sign, manufacture and use. Con 
tains helpful charts, formulas and 
information as to spring materi- 
als and their manufacture. Ask 
for bulletin No. B-10. 
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Rustless Iron 
The Polishing of Chrome Tron Alloys 


Only fifty years ago the first application 
of nickel plating necessitated the development 
of polishing methods and the installation of 
polishing equipment to produce the mirror- 
like lustre on such articles. Nobody then 
seemed to know what kind of polishing 
wheels to apply, what abrasives, what kind 
of glue, what speed to use or many other 
things which are essential for a proper and 
economical process of polishing. All of 
these methods are well established today and 
have seen great improvements, especially 
since chrome plating came into general use 
several years ago. 


Through the steadily increasing use of 
rustless chrome iron alloys which, in about 
50% of their applications, are finished to 
the well known, everlasting lustre, it has 
been found necessary to develop new and 
different methods for polishing and buffing 
this material. The experienced polisher has 
to become an apprentice again and acquire 
anew knowledge of the technique of polish- 
ing alloys containing a high percentage of 
chrome with or without nickel. 


A few of the most important points may 


be mentioned. Polishing speeds to 


10,000 feet per minute and buffing speeds up 
to 15,000 feet per minute should prefer- 
ably be applied. A high quality of hide 
glue and Turkish emery is necessary to pro- 
duce the desired results. The buffing com- 
pounds used should contain a large percent- 
age of chromic oxide. 

Of still more importance than any other 
point mentioned is the fact that the polish- 
ing and buffing wheels must be kept abso- 
lutely clean and cannot be used for polish- 
ing any other metal or alloy. This is im- 
perative due to the danger of embodying 
small particles of other metals into the sur- 
face of the material which might result in 
electrolytic corrosion. 

Great progress has been made within the 
last twelve months in applying automatic 
buffing machines for the finishing of articles 
made from alloys of this kind. It has been 
found that the necessities of high speed and 
great pressure can be very successfully com- 
bined in automatic machines designed for 
the particular article. It has been reported 
that polishing costs have been reduced to 
one-tenth of the cost of hand polishing 
while at the same time the finish has been 
greatly improved. 


[RUST 


— 
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RUSTLESS IRON CORPORATION 
OF AMERICA 


Executive Office 
122 East 42nd Street, New York 


Detroit Pittsburgh 
2100 Fisher Blidge. (irant Hide. 


er, 1930 


Works 
Baltimore, Nid. 


Chicage Vhiladetphia 
310 Se. Michigan Blvd. bid.-Vhila, Trust Bldg. 
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THWING 
PYROMETERS 


for the 
Metal Industries 


Thwing Pyrometers 


Will Eliminate Uncertainty 
From Your Plant 


Thwing Pyrometers by reason of their 
accuracy, simplicity and ruggedness are 
peculiarly adaptable for the various heat 
treating processes in the metal industries. 


Any plant man, untrained in the use of 
instruments, can easily operate Thwing 
Recorders; there are nocomplicated mecha- 
nisms, no adjustments to make and no 
batteries to replace. Simply connect the 
thermocouples to the recorder and clear, 
easily readable graphic temperature rec- 
ords are made on a 6 inch wide continu- 
ous chart with one color of ink. 


For simplicity, Thwing Pyrometers are 
outstanding. 


Write for Bulletin F-93 


THWING INSTRUMENT CO. 
3329 Lancaster Avenue. Philadelphia, U. S.A 
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Standing Committees (Continued) 


HARDNESS TESTING OF METALS 
H. M. German, Chairman 
Crucible Steel Company of America New York 


Members: 


S. N. Petrenko O. W. Boston 


S. L. Goodale 
C. H. Bierbaum 


Davis R. C. Brumfield 


NITRIDING 


Dr. V. O. HomMERBERG, Chairman 
Institute of Technology Cambridge, Mass. 


Members: 


H. W. MeQuaid, Detroit P. C. Osterman, Elizabeth. 
J 


R. Sergeson, Canton- N. J. 

Massillon V. T. Malcolm, Indian Or- 
W. L. Snyder, East Pitts- chard, Mass. 

burgh H. M. German, New York 


NON-FERROUS DATA SHEETS 
Institute of Metals Division, A. I. M. E. 


S. Ancuer, Chairman 


Aluminum Co. of America Cleveland 


Members: 
F. L. Wolf, Mansfield, O. Jerome Strauss, Pittsburgh 
T. S. Fuller, Schenectady, CC. H. Mathewson, New 


HEAT TREATMENT OF SPLINE SHAFTS 


Grorce M. Enos, Chairman 


University of Cincinnati Cincinnati 


Members: 


H. S. Binns, Cincinnati A. H. d’Arcambal, Hartford 
H. B. Knowlton, Chicago 


COLD HEADING, ROLL THREADING AND HEA/ 
TREATMENT OF BOLTS 


CHARLES Chairman 


Bourne-Fuller Company 


Members: 


A. E. Buelow, Cleveland S. Hersch Clevel :nd 

H. B. Pulsifer, Cleveland W. Cooke. Cleveland 

E. Slaughter, Cleveland T. S. H *b e, Detroit 
L. Guscott, Cleveland 


HEAT TREATMENT OF LOCOMOTIVE 
FORGINGS 


J. H. Ginponey, Chairman 
Norfolk and Western R. R. Roanoke, Va 
Members: 


M. A. Herzog, Springfield, J. A. Succop, Pittsburgh 


Mo. _ J. H. Higgins, Camden, 
E. J. Edwards, Schenec- N. J. 
tady W. M. Barr, Omaha 


L. H. Fry, Burnham, Pa. G. L. Norris, New York 
QUENCHING 


W. S. BipLe, Chairman 


W. S. Bidle Co. Cleveland 


Members: 


W. E. Jominy, Ann Arbor G. Heilman, Detro'! 
r. E. Hamill, Washington J. R. Adams, Philade|ph@ 
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The Electric co. 
Solem, 
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| PFPurnaces 
» the accuracy of treatment or — “oils. 
tical Pit” a furnace to handle 
nealing A py Bere formly, economically, and to | 
steel balls for bearings to large aa 
pressure vessel. 67 fet long are i | 
being successfully handled inour J 
OiLStills up to 67 feet long. 
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Automobile 
and other Alloy Steel 
Specifications are be- 
coming more and more 
exacting... 


It is necessary, therefore, to use the 
highest grade of raw materials 
entering into the construction of 
automobiles, machine parts, etc. 


In the manufacture of our various 

metals and alloys, we must use, 

and do use, the highest grade of 
ores, oxides and aluminum. 


Tungsten Powder . . . 97-98% 
Pure Manganese . . . 96-97% 
Ferro-Chromium... . 60% 
Pure Chromium . . . . 97-98% 
Ferro-Tungsten ... . 75-80% 
Ferro-Titanium..... 25% 


Ferro-Vanadium. . . . 35-40% 
(1% Silicon) 


SEND FOR PAMPHLET NO. 2021 


METAL & THERMIT 
CORPORATION 
120 BROADWAY, NEW YORK CITY 


PITTSBURGH + CHICAGO S. SAN FRANCISCO BOSTON TORONTO 


Stand ing Committees (Continued) 


PLASTIC DEFORMATION IN PURE IRON 


Dr. C. H. MarHEWwsoN, Chairman 


Yale University New Haven, © np. 
Members: 
J. H. Nead, Middletown, Dr. R. F. Mehl, Anacostig. 
Ohio D. C 


S. C. Spalding, Waterbury, Conn. 


HEAT TREATMENT OF CARBON STEEL GEARS 


Harnoup J. Srers, Chairman 
Allis-Chalmers Mfg. Co. Milwaukee, \\js. 


Members: 


H. B. Knowlton, Chicago M.L. Frey, Waterloo, low, 


HEAT TREATMENT OF HELICAL SPRINGS 

W. H. Chairman 

Molybdenum Corp. of America Pittsburgh, Pa 
Members: 


DuRay Smith, New Ken-_ A. K. Strendberg, Latrobe. 
. Sington, Pa. >a. 

Henry Chandler, New  H. W. Faus, New York 
York City City 


MELTING OF STEEL 

G. V. Luerssen, Chairman 

Carpenter Steel Co. Reading, Pa. 
Members: 


George Batty, Philadelphia = G. A. Dornin, Baltimore 
©. K. Parmiter, McKees- C. H. Herty, Jr., Pitts 
port burgh 


HOT MECHANICAL WORKING OF STEEL 

S. C. SpatpinG, Chairman 

American Brass Co. Waterbury, Conn 
Members: 


J. P. Fleming, Pittsburgh R. M. Bird, New York 
W. R. Shimer, Bethlehem, Pa. 


CO-OPERATIVE COMMITTEES 


National Research Council, Division of Engineering 


Advisory, Bureau of Standards ............... . 
Sub-Committee XIV on Tool Steels of Comm. A-!, 
American Society of Mechanical Engineers, Special 
Research Committee on the Cutting and Forming 
H. J. French, W. Paul Edd) 
Research Committee on Springs, A. S. M. E, ... 
Joint Research Committee on Welded Pressure Vessels 
National Safety Council, Chain Annealing Committe 
Sub-Committee on Methods of Chemical Analysis 0! 


Committee A-3, A. S. T. M. on Cast Iron..... 


American Society of Mechanical Engineers, Engince! 


Metallurgical Committee, American Gear Manuf: 


Metal Progress 
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ALLOY 


STEELS AND IRONS 


THE decided trend toward the use 
of Alloy Steels and Irons in equip- 
mentand productsis marked through- 
out the industrial field. The superi- 
ority of these metals over carbon 
steel and iron parts is particularly 
noted where improved physical prop- 
erties are necessary factors. 

Economical operation is assured 
through the uninterrupted produc- 
tion to be obtained with plant units 
of Alloy Steels and Irons. They stand 
up longer under increased operating 
speeds and heavier loads. 

Lower manufacturing costs are as- 
sured through the greater workability 
which may be had from Ferro-Alloys. 

Let Electromet engineers explain 
how small amounts of chromium, 
manganese or vanadium added to Write today for further information and 


steel and iron provide increased re- additional facts of interest 


sistance to abrasion, shock, impact, ELectro METALLURGICAL SALES CorP 


corrosion and fatigue. Unit of Union Carbide TW and Carbon Corporation 
Carbide and Carbon Building, 350 East 42nd Street 
New York, N. Y. 


We will exhibit National Metal Exhibition, Stevens 


Ferro-Alloys Metals 


Oclober, 1930 Ibo 
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REGISTERED UNITED STATES, GREAT BRITAIN AND CANADA 


In the preparation of the Engineering the results of the world’s most recent 
Index by the staff of the American engineering and scientific research, 
Society of Mechanical Engineers some thought, and experience. From this 
1700 domestic and foreign technical wealth of material the A.S.S8.T. is 
publications received by the Engineer- supplied with this selective index to 
ing Societies Library (New York) are those articles which deal particularly 
regularly searched for articles giving with steel treating and related subjects. 
AIRPLANE MANUFACURE ALUMINUM Conclusions concerning — sea- 


water corrosion of certain light 


METAL CONSTRUCTION. Metal 
Aircraft Production. Automobile 
Engr. (Lond.), vol. 20, no. 269, 
July 1930, pp. 245-248, 12 figs. 

Manufacturing operations and 
equipment at Works of Boulton 
and Paul, Ltd. 

WELDING. Procedure Control 
for Aircraft Welding, H. L. Whitte- 
more, J. J. Crowe and H. H. Moss. 
Welding, vol. 1, no. 9, July 1930, 
pp. 589-590 and 595, 3 figs. 

Discussion of specifications for 
material and apparatus used; 
ability of operator; technique used 
in each operation; inspection of 
finished product; brief abstracts 
of Procedure Control for Welding 
Aircraft Joints—Report by Com- 
mittee of American Bureau of 
Welding. 


ALLOY STEEL 

TITANIUM CONTENT. Influ- 
ence of Titanium on Transforma- 
tion Points of Steel (Influence du 
titane sur les points trans- 
formation de Pacier), A. Michel 
and P. Benazet. Revue de Meétal- 
lurgie (Paris), vol. 27, no. 6, June 
1930, pp. 326-333, 22 figs. 

Results of study with 
Chevenard differential dilatome- 
ter, with Pyros gage, and with 
Saladin-le Chatelier thermal-anal- 
Vsis apparatus on ordinary extra- 
mild steel and on extra-mild = in- 
oxidizable steel with 13 per cent 
chromium. 


ALLOYS 

ELECTRIC RESISTANCE. Re- 
port of Committee B-4 on High- 
Femperature and Electrical-Re- 
sistance Alloys. Am. Soc. Testing 
Matis.—Proc., part 1, vol. 29, 1929, 
pp. 245-251. 

Recommendations affecting 
standards and tentative standards, 
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Aluminum Now Competes with 
Copper, Steel and Other Products, 
R. J. Anderson. Jron Age, vol. 126, 
no. 9, July 31, 1930, pp. 284-288, 
6 figs. 

Survey of application of alumi- 
num in various parts of industry; 
notes on physical properties and 
advantages of aluminum as com- 
pared with other materials. 

STRUCTURAL USES. Exem- 
plary Adaptation of Aluminum to 
Construction, J. D. Edwards. 
Chem. and Met. Eng., vol. 37, no. 
7, July 1930, pp. 428-429, 2 figs. 

Aluminum Research Labora- 
tories’ new home at New Kensing- 
ton, Pa., represents adaptation of 
material to tasking variety of 
needs; door hardware of alumi- 
num; lighting fixtures; aluminum 
pipe; use of aluminum for stor- 
age and distribution of distilled 
water; for radiators and paint. 


ALUMINUM ALLOYS 


CORROSION. Change of Me- 
chanical Properties Under Effect 
of Corrosion (Diminution des 
proprietes mécaniques sous leffet 
de corrosion), Cournot and 
Molnar. Revue de Métallurgie 
(Paris), vol. 27, no. 6, June 1930, 
p. 290. 


Results of tension tests to deter- 
mine influence of corrosion” on 
mechanical properties of special 
anti-corrosive alloys without 
copper; of alloy containing 4.3 
copper and = additions of  man- 
ganese, silicon and magnesium; 
and of duralumin. 


CORROSION, Method of Elec- 
tromotive Forces of Dissolution 
(Méthode des forces electromo- 
trices de dissolution). Aubert and 
Prot. Revue de Meétallurgie 
(Paris), vol. 27, no. 6, June 1930, 
pp. 296-299, 1 fig. 


alloys based on 1928 research. 
CORROSION. Control Methods 
and Study of Mechanism of Cor- 
rosion (Methodes de controle et 
étude du mécanisme de la corro- 
sion), E. Herzog and G. Chaudron. 
Revue de Métallurgie (Paris), 
27, no. 6, June 1930, pp. 285-289. 
Critical study of corrosion tests 
of light alloys with aluminun 
base in presence of seawater. 
TESTING. Flow Tests Under 
Constant Pressure of Aluminun 
and Alpax (Essais de coulabilite, 
sous prossion constante, — ce 
Valuminum et de Valpax), A. 
Courty. Académie des Sciences 
Comptes Rendus (Paris), vol. 190, 
no. 15, Apr. 14, 1930, pp. 936-938. 
Pressure of molten metal is kept 
constant by flap-valve  arrange- 
ment in form of thin lead sheet 
values obtained by this method 
check well; refinement with alkali, 
repeated fusions, duration of heat 
ing and overheating have only 
insignificant influence upon 
fluidity of alpax, in contrast to 
their influence upon its me- 
chanical properties. 


ALUMINUM CORROSION 


Passivity Phenomena of Alumi 
num Resting in Very Diluted 
Acids and Lyes (Ueber Passiv! 
taetserscheinungen an Aluminu 
in ruhenden, sehr verduennt 
Saecuren und Laugen), L. \ 
Haase. Hauszeitschrift der V.AM 
wd, Ertwerk fuer Alumini 
um (Berlin), vol. 2, no. 2, May 
1930, pp. 54-60, 5 figs. 

Discussion of chemical eq! 
bria_ pertaining to corro 
theory; test shows that purity 
aluminum essential facto! 
forming protective coating to 
vent further corrosion. 

(Continued on page 168 
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Reasons for Greater Accuracy of Brinell Hardness Determination 
Secured with Our Type O03 Power Operated Brinell Testing Machine 


1. Elimination of friction plungers. 4. Free and frictionless pressure c 

2. Elimination of human element in developing 5. Speed of load application arranged to secure 
desired pressure. consistently accurate results 

3. Dirt and dust proof. 6. Simplicity of construction and operat 


Why They Will Accomplish Far More Tests than Any Other Machine on the Market 


1. Can be operated by foot pedal, giving the able or a connection to the plant power line 
operator free use of both hands for inserting 


4. Wherealarge number ofspecimens ofsame kind 
and removing specimens. 


are to be tested, work table can be set allow- 


2. Machine can be mounted on truck and moved ing ’s between specimen and ball as ram has 
from place to place, saving necessary han- enough travel to come down, make the impre: 
dling of tons of material. sion, and immediately return to its home posit 

3. Canbe operated wherever alight socketis avail- 5. Number of tests possible per hour, at least] 


We Have the Exclusive Sale of the Southwark-Emery Universal Testing Machine 
for Tensile, Compression and Transverse Testing, 
also Torsion Testers 


STEEL CITY TESTING LABORATORY 
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Unusual Corrosion of Aluminum 
by Alkali, O. W. Storey. Am. 
Electrochem. Soc.—-Preprint, no. 
58-4, for mtg. Sept. 25-27, 1930, 
pp. 43-48, 4 figs. 

Peculiar case of pitting of 
aluminum electric-oven walls was 
investigated; corrosion of alumi- 
num was found to be caused by 
caustic soda of sodium. silicate 
adhesive used for built-up asbestos 
insulation, in presence of an ex- 
cessive amount of moisture in the 
atmosphere. 

Use of Aluminum in Chemistry 
(Die Verwendung des Alumini- 
ums in der Chemie), P. Dross- 
bach. Hauszeitschrift der V.AW. 
ud. Erftwerk A.G. fuer Alumini- 
num (Berlin), vol. 2, no. 2, May 
1930, pp. 39-41. 

Review of electrochemical char- 
acteristics of aluminum with re- 
spect to corrosive process; tables 
give data on reaction of aluminum 
with inorganic and organic com- 
pounds, 

Short) Method for Complete 
Analysis of Magnesium-Aluminum 
Alloys, S. S. Singer. Jndus. and 
Eng. Chem., vol. 2, no. 3, July 15, 
1930, p. 288. 

Method of procedure explained 
based upon fact that iron and 
aluminum will not be precipitated 
by sodium ammonium phosphate 
in presence of tartaric acid, while 
inagnesium will precipitated 
completely and quantitatively as 
a stable magnesium ammonium 
phosphate. 


BEARING METALS 


BABBITTING. Babbitting Plant 
for Bearings, G. A. Gibbs. Machy. 
(Lond,), vol. 36, no, 928, July 24, 
1930, pp. 529-531, 5 figs. 

Description of design and 
operation of tools in plant for 
preheating, tinning and chilling of 
bearings; sketches show sectional 
view of filling machine and de- 
tails of half bearings poured hori- 
zontally. 


STANDARDS. Ball and Roller 
Bearings—Wide Type. Am. Stand- 
ards Assn.—Am. Standard and 
Recommended Practice, Apr. 15, 
1930, pp. 1-8. 

Approved American standard 
covering single row’ type. of 
angular ball bearing and wide 
tvpe of ball and roller bearings. 


BOILER MANUFACTURE 

WELDING. What's New in 
Plant Equipment. Power, vol. 72, 
no. 3, July 15, 1930, pp. 112-115, 
9 figs. 

Tests run at Hedges-Walsh- 
Weidner plant of Combustion 
Engineering Corporation, where 
pressures up to 3450 Ib. per sq. in. 
were reached without rupture of 
welded boiler shell. 


WELDING.  Are-Welded  Boil- 
ers Not Far Off. Elec. World, vol. 
96, no. 7, Aug. 16, 1930, p. 306. 

Boiler manufacturers are turn- 
ing eager eves toward arc-welding 
processes used in construction of 


Columbia 


TOOL 


similar vessels, such as oil er ok. 
ing stills, which have long | -ep 
made for higher pressures | nq 
temperatures than are commo: jp 
boilers; vessels with 6 in. w ijix 
have been made by are welding 
and service failure has {e. 
veloped; arc-welding speeds « 
pared, 


CAST IRON 


ALLOY. High-Quality Cast [roy 
in Modern Engineering Practice. 
A. B. Everest. Engineering 
Lond.), vol. 130, no. 3365, July 
1, 1930, pp. 56-58, 6. figs. 
Brief survey of use of alloy ad- 
ditions in cast iron, it is seen that 
wherever high strength and good 
wearing qualities, together with 
improved machinability are de- 
sired, there are strong grounds io 
increased application of allo 
iron, and use of special eleny ts 
enables foundrymen to give engi- 
neer more uniform and more re- 
liable product with improved lift 
and service. Paper read before 
Rugby Engineering Society, Jan. 
15, 1930. 

Gray Iron’ Possesses Valuable 
Engineering Properties. Foundry 
vol. 58, no. 15, Aug. 1, 1930, pp. 
110-113, 10 figs. 

Discussion of practice control 
ling strength of cast iron’ and 
effect of percentage of principal 
constituents as purchased; dia 
gram present test results of var 
ious authorities. 

(Continued on page 170) 
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SALT BATHS 


FOR ALL PURPOSES 
RANGE 275° F. to 2500° F 


» 


PRICES ARE 
INCOMPARABLY LOW 


Buy Direct from Specialists 
in Annealing Salt Baths ior 
Steel and Copper Wire. 


EUROPEAN COLOR 
& CHEMICAL CO. 


PARK AVENUE AT 19th STREET 


WEEHAWKEN, N. J. 


Serving the Metailurgical and Automotive Industry for more than fifteen yeu § 


Metal Prog ess 


COLUMBIA SPECIAL carson 
S008. STREET. CHICAGO HEIGHTS, 
168 


better fuel for 


carburizing 


THE traditional method of carburizing is in boxes; the metal to be carburized 
entirely surrounded by carbonaceous material. Latter-day design has improved upon 
this method through the in- 
troduction of straight -line 
furnaces, counterflow fur- 
naces, recuperation and re- 
generation — and lastly the 
adaptation of gas fuel. An 
outstanding development in 


carburization technique is 


the rotary gas-fired machine. 
The new illustrated book “Gas Heat” tells the whole story of the use of gas in 


carburizing operations. Send for your copy today. 


AMERICAN GAS ASSOCIATION 
420 Lexington Avenue, New York 
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CHROMIUM STEEL 


New Chromium Steel Contains 
Ziréonium Sulphide, F. R. Palmer. 
Steel, vol. 87, no. 4, July 24, 1930, 
pp. 90, 52, and 54, 7 figs. 


Description of manufacture, 
composition, and properties of 
steel made by Carpenter Steel Co., 
Reading, Pa.; typical applications 
are illustrated. 

Determination of Chromium in 
Special Steels (Die Bestimmung 
des Chroms in Sonderstaehlen), 
EK. Schiffer and P. Klinger. Archiv 
fuer das Eisenhuettenwesen( Dues- 


seldorf), vol. 4, no. 1, July 1930, 
pp. 7-15. 
Critical examination of differ- 


ent practical methods; study of 
influence of usual alloying ele- 
ments; method recommended for 
pure chromium steels with low 
carbon content, for steels with 
high chromium and carbon con- 
tent, chromium steels with nickel, 
cobalt, vanadium, or tungsten, 
and with other elements. 


CHROMIUM-NICKEL STEEI 


Pitfalls to Avoid in Drawing 
High Chrome-Nickel Alloy Steel, 
C. C. Snyder. Jron Age, vol. 126, 
no. Oo, July 31, 1930, pp. 292-294, 
2 figs. 

Discussion of characteristics 
and properties of chrome-nickel 
steel; data on heat treating and 
several pickling methods are 
given. 


Skyscraper Employs 300 Tons 
of Corrosion-Resisting Steel, E. F. 
Ross. Steel, vol. 87, no. 6, Aug. 7, 
1930, pp. 43-46 and 50, 12 figs. 

Outline of treatment of chromi- 
um nickel steel used for window 
trim, cap, roofing, and other dec- 
orative purposes on new Empire 
State Building in New York; 
notes on handling and assembling. 


POLISHING. Polishing Chrome 
Nickel-Alloy Steel Requires Care 
and Special Compounds, C. C. 


Snyder. Jron Age, vol. 126, no. 6, 
Aug. 7, 1930, pp. 353-356, 3 figs. 


Discussion of methods for 
grinding and polishing chrome- 
nickel-steel; notes on abrasive ma- 
terials and their use; table gives 
tests made to remove cement and 
plaster adhesions. 


POLISHING. New Plant Can 
Polish 30 Tons of Chrome-Nickel 
Sheets Daily, E. F. Ross. Steel, 
vol. 87, no. 4, July 24, 1930, pp. 
43-45 and 58, 4 figs. 

Description of polishing methods 
and equipment of Republic Steel 
Corp., Massillon, Ohio; notes on 
handling and pickling of sheets. 


DIES 


BLANKING. Chart for Deter- 
mining Blanking Pressures’ for 
Mild Steel. Machy. (Lond.), vol. 
36, no. 926, July 10, 1930, p. 473. 

Logarithmic chart based on as- 
sumption that material has shear- 
ing strength of 50,000 Ib. per sq. 


in. and that blanking die has 
shear; formulas for computi ¢ 
data are explained. 


ELECTRIC FURNACES 


Tapping and Melti 
Furnaces (Hornos eléctricos 
colada y fusion), R. Gross. / 
genteria y Construccion (Madri 
vol. 8, no. 89, May 1930, pp. 24 
244, 13 figs. 

Engineer of electrochemical s 
tion of Siemens & Halske orga: 
zation describes discusses 
various types of furnaces; thre 
phase direct voltaic arc; low f: 
quency induction; high frequency 
modern furnace. 

Is Electric Heat Economical? 
W.S. Scott. Elec. World, vol. 6, 
no. 5, Aug. 2, 1930, pp. 213-215. 

Reasons for adoption of ele 
tric furnaces were that those «: 
vices accomplished results not ob 
tainable with former methods, 
and in final analysis proved more 
economical; actual book values 
from users of electricity are given. 


OPERATION. A User’s View 
point on the Electric Furnace, F. 
A. Melmoth, Elec. World, vol. 96, 
no. 3, July 19, 1930, pp. 128-130. 

Appreciation of virtues and 
value of electric furnace in steel 
casting foundry discussed; 
notes on scrap steel in electric 
furnace; performance is depend 
ent on continuity of use. 

(Continued on page 17?) 


Electric 


NEW ELECTRIC FURNACE 


ELECTRIC FURNACE 


PATENT PENDING 
ELEMENT 


IMPROVEMENTS 


You, no doubt, saw our exhibit at Chicago and realize the 
importance of the Trent Element for Electric Furnaces. No other design 
of element is so adaptable for efficient production. It is unexcelled in 


BOX TVPE FURNACES .......-. FOR NITRIDING 
POT and TROUGH FURNACES 

PiT and AIR DRAWING TYPES. ... 


FOR HARDENING 
FOR DRAWING 


443 N.12th street, HAROLD E. TRENT CO. tenia, PA. 


ELECTRICALLY HEATED 
[RENT 


MANUFACTURERS OF 


INDUSTRIAL EQUIPMENT 


PITTSBURGH - BOSTON - BUFFALO - CHICAGO - CLEVELAND - DETROIT - SAN FRANCISCO - SEATTLE « ST. LOUIS - LOS ANGELES - MINNEAPO|'S 
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STEP WITH THE TIMES 


It is imperative that plant executives keep abreast of 


the latest developments affecting their own industry. 


Heat and acid resisting alloys in cast form have 
changed radically many of the old methods and 


have made possible new standards and practices. 


ARE YOU IN STEP WITH THE TIMES? 


The casting below especially designed for a large 
furnace manufacturer, represents the “now” thought 
in balanced design, incorporating that combination 
of metallurgical and mechanical principles only by 
means of which structurally sound and economically 
certain units may be obtained. * Our engineers will 


gladly investigate your problems and offer 


appropriate advice without 


charge to you. 


MICHIANA PRODUCTS CORPORATION 


8 t © Y * D t A N A 
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ELECTRIC WELDING 


ARC. Development in| 
Welding Methods. Can. En 
(Lond.), vol. 59, no. 4, July 
1930, pp. 169-170. 

General discussion of latest 


Cu T Ol R q velopments in equipment a) 
methods; are welding in constr) 
tion of buildings, bridges and »).- 
PER HEAT 
4 


chinery; large buildings erected 
by welding process; summary { 
advantages for building and | 
chinery construction. 


RESISTANCE. Fusion Welding 
as Applied to Railroad Work, Ff, 
Longo. Am. Welding Soc. 
vol. 9, no. 7, July 1930, pp. 82-85, 


Divisions of resistance welding 
and detinitions; substitution 
resistance welding place of 
rivets or screws; advantages 
spot welding given, requires little 
floor space, fewer operations, 
eliminates noise; general outline 
of equipment and application. 


ELECTRIC WELDING MACHINES 
Methods and Machines for le- 
sistance Welding, R. T. Gillett 
Am. Machinist, vol. 73, no. 5, July 
31, 1930, pp. 193-195, 7 figs. 
Outline of various types of resis- 
tance welding such as, spot, pro 
jection, line, butt, resistance an- 
nealing, flash, and resistance sold- 
ering and brazing; design and 
functioning of welding machines 
for different purposes discussed. 


WELDING. Electric Locomo- 
tives with Welded Frame = and 
Trucks (Elektrische Lokomotive 


mit geschweissten Rahmen und 


™ Drehgestellen), W. Reichel. 
HOUGHTON’S 
a — June 7, 1930, pp. 767-768, 5. figs. 
Brief description of welded 
frame construction used for 
A “ig tric locomotives with individual 
axle drive; outline of principal! 


tvpes of locomotives built by 
Siemens Schuckert. 


B burize f. hei i i 

ecause... they carburize faster due to their ¢ xceptionally active HEAT TREATING. The Heat 

Treatment of Motorcycle Parts. 

Fuels and Furnaces, vol. 8, no. 8, 

Aug. 1930, pp. 1041-1044, 2 figs 
Various types of furnaces used 


Yes, Houghton Carburizers will cut your cost per heat. 


and long lived energizer. 


Because... you add less new compound on each run. A power. 


ful energizer firmly bonded to a tough grain makes this economy in heat treatment of motorcycle 
possible. parts, including batch type car- 
burizing furnace, continuous auto- 

: matic furnace used interchang 

ey give a tough case that gradu: o 
Because th lually blends into the ably for various kinds of heat 


treating, periodic furnaces fo! 
miscellaneous work, lead pots, 
cyanide pots, and = rotary” type 


core. No spalling or cracking to cause rejections. 


@ hardening furnace. 
METALLURGICAL, Intiuence of 
Reduce Your Time... Reduce Your Costs Furnace Design on Metallurgic 

Reactions (Ueber den Einfluss det 
Reduce Your Rejections with Ofengestaltung auf metallurgisc!« 
: Umsetzungea), E. J. Kohimeye! 

Houghton Carburizers Metall und Erz (Berlin), vol. 

Quick-Light— Pearlite no. 1, Ist Jan. issue, 1930, pp. 

and (discussion) 9-10, 8 figs. 


Importance of accelerating ™ 

- action of metallurgical processes. 

EK Kk ! ON difficulty of intensification th 
~ B endothermal processes; dezinc\|)- ] 
ing processes; details of rotirs 
oF furnace which serves to inten 
PHILADELPHIA, PA. And all over the world 
process and reductt 

metal oxides. 

(Continued on page 174 A 
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THE MONOTRON 


= J has reduced HARDNESS TESTING 
= to an economic science 


Unsurpassed for Sensitiveness, Accuracy, 
and Sturdiness Under Adverse Conditions 


Setting to Zero Unnecessary, 500°) Faster Than Any Other Static Pressure Hardness Indicator 


A better understanding of 
the property of hardness in 
materials, when measured 
qualitatively and quantita- 
tively as is now done with the 
MONOTRON, has an impor- 
tant bearing not only on the 
control of materials in the 
process of fabrication but also 
on the disclosure of such as- 
sociated physical properties 
as may be checked by non- 


_ destructive testing. Under the SCLEROSCOPE C-2 
new system, measurements 
The 100% Portable Scleroscope has 
tallying with an accepted stood the test of time, ond is to dote 
os os ever. If you wisha 
standard are made more comporatively inexpensive hardness 
indicotor especially for quick, free. 
The Monotron —7” Ca- readily and independent of hand work ond yard work, send 


for ovr bulletins No. 22 and No. 30. 


pacity with Tilting Table out-siders, thus removing 
the cause of wasteful 
controversies. 


The FIRST Unit 
Measure Machine 


The MONOTRON has been 
designed under the guidance 
of over twenty years of ex- 
perience and research work 
based on the latest concepts 


Interesting Bulletin Sent of hardness, and the principles 
utilized have been approved 
FREE . . . Upon Request by the leading authorities on 


the subject. It is a unit measur- 
ing machine; that is, a stand- 
ord weighing scale is used in 
conjunction with a technically 
corrected micrometer gauge, 
for determining the amount 
of pressure required to 
cause a given standard of 
penetration, or vice versa. 


Our bulletins M-3 and M-5 treat upon the science of hardness testing brought up to date and show why 
The MONOTRON Solves Laboratory Problems + The MONOTRON Solves Old Shop Problems 


THE SHORE INSTRUMENT & MFG. COMPANY 


Van Wyck Avenue and Carll Street + Jamaica, New York 
AGENTS F QO R Et G N c U N TR it €E€ 
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ANOTHER BOOK BY SISCO 


THE CONSTITUTION 
of 


STEEL and CAST IRON 


By FRANK T. SISCO 


Editor, Alloys of Tron Research, 

Engineering Foundation and formerly 

Chief of Metallurgic al Laboratory, 

U.S. Arm Vv Air Corps, Wrig he Field. 
Author of 


ON THE METALLURGY OF IRON AND STEEL, TECH- 
NICAL ANALYSIS OF STEEL WORKS MATERIALS, ETC. 


— INTERESTING and well grounded hook meets the 
demand for an elementary discussion of the theory under- 


ly ing the constitution and heat treatment of steel and cast iron. 


It presents the fundamental theory in a clear, understandable 
manner that appeals especially to practical workers, engineers, 
designers and others in the iron and steel industry who find 


it w orth their while to learn something of the basic principles. 


Part I takesupthe constitution ofthe normal iron-carbon alloys. It 
dealswith crystallization of molten alloys,the equilibriumand the 
influenc eof var y ing percentages of « arbon on pure tron. Four chap- 


ters are devoted to cast iron and iniluence of the common alloy s. 


Part II is an explanation of the theory of heat treatment and 
hardness. Annealing, hardening, tempering are discussed at 
length. Case carburizing and cold working are fully covered. 
Mr. Sisco’s wide experience, and his clear, easy style make 
this book unusually valuable to those who seek a simple 


discussion of this highly tec hnical subject. 


352 PAGES, 6 x 9, 105 illustrations 
Pric e $53.00, postpaid in U. S. A. 


AMERICAN SOCIETY 
FOR STEEL TREATING 


7016 EUCLID AVENUE + CLEVELAND, OHIO 


HEAT INSULATING MATER) \ 

CONDUCTIVITY. Determ) 
tion of Heat Conductivity Co, 
cient of Plate-Shaped Bodies (| jp 
Beitrag zur Bestimmung der W, 
meleitzahl plattenfoermiger 
per), S. Gelius. Gesundheits 
genieur (Munich), vol. 53) (Sye 
cial Number), June 4, 1930, 
10-17, 6 figs. 

Report from laboratory of ey 
neering physics of Munich Inst 
tute of Technology presenting ex. 
perimental and mathematical data 
on relative and absolute precisi:; 
of measurements by apparatus of 
various designs for determination 
of heat conductivity of insulating 
plates. Appendix by W. Koch, ce- 
scribes temperature regulation of 
the cooling water. 

FLOW OF HEAT. Transient 
Flow of Heat Through Insulation, 
A. R. Stevenson, Jr. and H. L, 
Bojer. Refrig. Eng., vol. 20, no. 1, 
July 1930, pp. 23-29, 5 figs. 

Theoretical mathematical analy- 
sis of heat flow with special ap 
plication to variation of tempera 
ture in refrigerators; tests on tra 
sient heat flow; test with boy 
cooled by refrigerating unit; equa 
tion for transient temperaturs 
when refrigeration is shut off. 


HIGH SPEED STEEL 


Report of Research Committe: 
on the Effeet of Tin and Arseni 
on High-Speed Tool Steel. Am 
Soc. for Testing Matls.—Pro 
part 1, vol. 29, 1929, pp. 167-171. 

Article indexed in Engineering 
Index 1929, p. 928, from preprint 
from Proc. part 1. 

Influence of Nickel and Manga 
nese on Properties of High-Speed 
Steel (Ueber Einfluss \ 
Nickel und Mangan auf die Eig« 
schaften von Schnelldrehstaht) 
V. Ehmeke. Archiv fuer das ki 
senhuettenwesen (Duesseldor| 
vol. 4, no. 1, July 1930, pp. 23-3. 
21 figs.: see also brief abstract 
Stahl u. Eisen, vol. 50, no. 382 
Aug. 7, 1930, pp. 1131-1132, 21 figs 

Contribution to solution of 
nealing phenomena in high-spee 
steel and its adaptability as he 
resisting steel; results of hard 
ing and annealing tests; dilal 
metric tests: influence of nick 
and manganese additions. 


IRON-CHROMIUM ALLOYS 


A Study of the Tron-Chromi 
Carbon Constitutional Diag 
V. N. Krivobok and M. A. &: 
mann. Am. Soc. for Steel 7 
ing —Trans., vol. 18, no. 4, 
1930, pp. 1-38, 55 figs. 

Relationships when chro 
content is varied from zero u 
about 18 per cent; in absence 
carbon, increase chrot 
caused region of delta’ iro 
merge with alpha region, « 
nating gamma tron when chi 
um was above 14 per cent 
presence of carbon, range ol 
perature and carbon conte 
which austenite was asso¢ 
with delta iron merged with rine 
in Which austenite was assoc! 
with alpha iron. 

(Continued on page 176 
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THE GATH: 


INDEX 
YOUR PROGRESS 


IN THE MAKING of some 30,000,000 tons of steel in Gathmann-designed 
molds certain principles have been established as necessary to the interior 


soundness and good surface of an ingot. Your progress in producing a better product com- 


mercially is dependent to a great degree upon the use you make of these principles. 


The following compendium of Gathmann patents is indicative of what has been done in ingot 


molding, the key phase of steel production. 


BIG-END-UP PRACTICE 


\ mold having a contracted bottom opening, the cham- 
ber walls adjacent said bottom opening having a 
concavo-convex contour.—U. Patent 1.188.751. 


\ mold having a contracted bottom opening, a sealing 
plate of larger area than the said opening resting 
upon the walls of the mold chamber adjacent said 
opening and means for locking the sealing plate in 
position.—U. S. Patent 1.419.454. 


refractory ingot mold top provided with integral 

projections for locating it partially within and par- 

tially above a metallic ingot mold and detachable 

devices for holding the top in the desired position. 
-L. S. Patent 1,501,655. 


bottom closure plug for big-end-up ingot molds, the 
diameter of which is greater than its length. and 
which is so shaped as to contact with the mold only 
at its upper portion.—U. S. Patent 1.570473. 


mold chamber having a contracted bottom opening 
in combination with a recessed stool adapted to 
form an annular ledge for supporting sealing mate- 
rial.—U. S. Patent 1.611.020, 


\ big-end-up ingot with a necked-in bottom, the taper 
of the ingot being less per inch in its upper than in 
its lower body portion.—U. S. Patent 1.643.241. 


\n ingot mold open at top and bottom provided with 
a hottom closure consisting of superimposed plugs. 
L.S. Patent 1.660.037, 


Is your practice keeping pace with the art? 


A mold chamber having a bottom opening, in combi- 
nation with a stool having an opening through it of 
smaller diameter concentric with the mold opening, 
and a sealing cup resting on the ledge thus pro- 
vided.—U. S. Patent 1,680,872. 


method of producing steel ingots whereby the 
shrinkage cavity is confined to the upper 5% to 
10% of the ingot.——U. S. Patent 1.711.052. 


BIG-END-UP AND 
_BIG-END-DOWN PRACTICE 


\ mold having a chamber provided with four primary 
walls and four secondary walls which are connected 
to the primary walls by twin salients. one describing 
an are of less than and the other an are of more 
than 15°.—U. S. Patent 1.440535. 


An ingot defined by four primary sides and eight see- 
ondary sides and four corner salients, which are 
formed by ares subtending an angle of more than 
15°. and eight intermediate salients subtending an 
angle of less than 45°.—U. S. Patent 1 484.940. 


\ mold having a corrugated chamber with a necked- 
in portion into which the corrugations extend and 
merge. U.S. Patent 1.532.741. 


An ingot having four relatively narrow side walls and 
four outwardly-arched corner walls. which are con- 
nected to the side walls by inwardly curved walls. 
U.S. Patent 1.719.543. 


An ingot having a generally rectangular cross section 
provided with four inwardly-arched sides. the radii 
describing the are of each of which is ereater than 
the chord of the are and the width of which sides is 
approximately one-third of the maximum section of 
the ingot.—U. S. Patent 1.745.089. 


Write us for our new booklet which covers the subject in a comprehensive way. 


THE GATHMANN ENGINEERING CO. 


Designers of Ingot Molds since 1909 


BALTIMORE, MARYLAND 
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IRON AND STEEL 

ELECTRIC PROPERTIES. Iron 
and Steel Used in Electrical Engi- 
neering, L. E. Benson. Elecn. 
(Lond.), vol. 105, no. 2719, July 
11, 1930, pp. 51-54, 10 figs. 

Cast materials, grey cast iron, 
malleable iron, steel castings, and 
fabricated parts; tables showing 
properties of various engineering 
materials, composition and prop- 
erties of cast and malleable irons 
and physical test figures for high 
quality cast steel flywheel. 

PROTECTIVE COATINGS,  Pro- 
tective Coatings for Iron and Steel, 
H. N. Bassett. Indus, Chemist, 
vol. 6, no. 66, July, 1930, pp. 293-6. 

Use of paints and similar media 
which are generally applied by 
means of brush or air. spray. 


METALS 


RECRYSTALLIZATION, Atomic 
Principles of  Reerystallization 
(Atomistische Grundlagen der Re- 
kristallisation), U. Dehlinger. Zeit. 
fuer Metallkunde (Berlin), vol. 22, 
no. 7, July 1930, pp. 221-223 and 
(discussion) 227-229, 7 figs. 

Author deals with recrystalliza- 
tion in degrees of deformation, 
which results in total destruction 
of textures of material; experi- 
mental measurements of velocity 
of recrystallization; with aid of 
so-catled hooking, that is joining 
together of adjacent areas which 
are in equilibrium, this velocity is 
indicated. 


MOLYBDENUM STEEL 


Molybdenum in High-Speed 
Steel, S. B. Ritchie. Army Ord- 
nance, vol. 11, no. 61, July-Aug. 
1930, pp. 12-19, 12 figs. 

Investigation as to practicability 
of eliminating tungsten’ wholly 
or in part from high speed steels 
undertaking at Watertown Arsenal; 
comparative test of molybdenum 
steel with tungsten steel; methods 
of heat treating; it was determined 
that there are no difficulties in 
manufacture of molybdenum high- 
speed steel in desired quantities. 

On the Lowering of Critical 
Points in Molybdenum Steels, T. 
Murakami and T. Takei. Chem. 
News (Lond.), vol. 141, no. 3665, 
July 11, 1930, p. 21. 

Cause of stepped lowering of 
critical points and formation of 
acicular ferrite were satisfactorily 
explained, assuming rate of crys- 
tallization curves for respective 
constituents, ferrite, carbide and 
martensite. Paper read before 
World Eng. Congress, 1929, Tokyo. 


OPEN-HEARTH FURNACE 


SLAG CONTROL. Slag Control 
Essential, F. W. Sundblad. Jron 
Age, vol. 126, no. 5, July 31, 1930, 
pp. 289 and 314-315. 

Brief discussion of fundamental 
principles of open hearth opera- 
tion in mass production of steel; 
character and effect of slag is dis- 
cussed; notes on relationship be- 
tween slag and metal. 


STAINLESS STEEL 


Classification of Corrosion | 
sisting Steels, H. N. Booker, Pa; 
Industry, vol. 12, no. 5, July 19 
pp. 849-851, 1 fig. 

Properties of stainless ir 
stainless steel, high chromium 
loy and chromium-nickel steel. 

Progress in the Manufacture «| 
Rustless Steels, J. H. G. Mony- 
penny. J/ron and Coal’ Trades 
Rev. (Lond.), vol. 121, no. 32: 
Aug. 1, 1930, p. 155. 

Account of progress achieved 
and difliculties that have had 
be overcome in producing thes 
steels. Abstract of paper befor 
Li¢ge Min. and Met. Congress. 


AUTOMOBILE, Individual Shop 
Study Needed for Rustless Stee! 
Operations, J. Geschelin. 
motive Industries, vol. 63, no. 5. 
Aug. 2, 1930, pp. 148-151. 

Discussion of properties of stain- 
less and chromium nickel steels 
with regard to grinding and pol- 
ishing; data on drawing dies used 
in production of Ford radiator 
shells; notes on selection of abra 
sives for polishing purposes. 


STRUCTURAL STEEL WELDING 


Physical Aspects of Structural 
Joints, J. R. Griffith. Welding, vol. 
1, no. 10, Aug. 1930, pp. 678-680. 

Design and calculations for sey 
eral joints made up for testing 
purposes; method of eliminating 
eccentricity in welded joint. 


JSESSOP’S 


BLAICH 


Superior 


Oil-Hardening Steel 
| 


Non-Deforming Tool 
and Die Steel 


Manufactured in 


Sheffield, England 


Wm. Jessop & Sons 


WODERN 
CARBURIZERS 
BEST», TEST 


CYANIDE 


ALL GRADES 


LEAD COAT 


FOR LEAD BATHS 


INSULITE 


PREVENTS CARBURIZING 


A. O. BLAICH CO. 


DETROIT- MICHIGAN 


NEW YORK BOSTON CHIACGO DETROIT 


121 VARICK ST 163 HIGH ST. 1857 FULTON ST. 8116 TIREMAN AVE 
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